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MULTIPLE PLATFORM SENSOR INTEGRATION MODEL:

MULSIM COMPUTER PROGRAM

1. INTRODUCTION

1.1 Background

The Navy has always been interested in developing the means to effectively integrate
the activities of individual units engaged in multiunit operations. Efforts in this direction led
to the development of the Navy Tactical Data System (NTDS), which is basically a
computer-aided manual system. Since its development in the 1950s there have been major
technological improvements. These developments, together with improved communications
systems such as the Joint Tactical Information Distribution System (JTIDS), and navigation
satellites such as NAVSTAR have brought the automatic, multiple-platform sensor
integration system into the realm of possibility.

The system that has been modeled consists of two or more ships, each having one or
more radar/ESM systems on board (see Fig. 1.1). The surveillance systems are assumed to be
detecting targets either on an individual basis or jointly with other surveillance systems. A
communication system with capabilities similar to JTIDS and a navigation system capable of
giving accurate fixes on all participating platforms are assumed to exist. The combined
system has the ability to transmit and assimilate data and provide smoothed tracking
information to all participating platforms.

DATA LINKS

Fig. 1.1 - Multiple Platform Sensor Integration System

Manuscript submitted August 14, 1979.
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From a global point of view, the most obvious benefit to be derived from the develop-
ment of this system is the presentation of the overall tactical environment to Fleet
commanders. System survivability is an important feature. Platforms will still be able to
operate with tracking information from other platforms in the event that their surveillance
systems become inoperable or are shut down in EMCON situations. The effects of stand-off
main-lobe jammers can also be minimized as shown in Fig. 1.2. More fundamental, however
are the benefits to be derived in track management. Improved tracking performance can be
expected from frequent updates that occur when several sensors are producing detections
and from increased accuracy produced by the cross hairing of targets (see Fig. 1.3).

JAMMER 1 JAMMER 2

Fig. 1.2 - Stand-off main-lobe jammers

RADAR 1 RADAR 2

Fig. 1.3 - Effects of cross-hairing
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There are two reasons for developing this model. The primary consideration is the
development of a system architecture,* i.e., actual development of algorithms and tech-
niques for track correlation/association, track management, and updating of tracks. This
architecture is hinged upon the concept of obtaining the best target information from
sensors while using the smallest amount of channel capacity. The second consideration is
having the capability of examining the performance of the system, in particular the
propagation of errors through the system.

To reiterate, the model will serve as a foundation for future software development and
at the same time allow the user to demonstrate the advantages/limitations inherent in a
multiple platform sensor integration system.

1.2 Model Architecture

The model consists of two basic parts: a stimulator and a track correlation/integration
system (Fig. 1.4). The stimulator takes initial target positions, headings, and velocities from
an input scenario and determines their position at some later time designated by a radar
sector crossing. It then adds measurement errors to the true coordinates of the radar detec-
tions and inputs them to the track correlation/integration module. The detections from each
individual platform are subjected to a correlation/association process, and the detections
that associate with existing tracks are integrated with selected detections from the other
platforms to produce updated positions for the system tracks.t The stimulator and the track
correlation/integration system are controlled and linked by the executive routine. The
executive routine also controls the initiation process and the loading of track files.

Select Next
Time RdrSector

Crossing 

Scenario System
STIMULATOR Integration Tracks

Detections System Tracks

Fig. 1.4 - Basic modules

*See Refs. 1 and 2 for a more detailed discussion of system architecture and operating philosophy.
tSee Refs. 1 and 4 for sample tracking outputs from MULSIM.
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2.0 MULSIM PROGRAM

2.1 Executive Module

The executive module has four basic functions: (a) to read the program inputs and initial-
ize the scenario, (b) to load the system track files, (c) to schedule events and, (d) to call the
various subroutines in a logical sequence that simulates the functional flow of an operating
system. These functions are handled by subroutines INITAL, LOAD, and NEXRAD and the
executive routine, respectively.

2.1.1 MULSIM Executive Routine

The executive routine drives the MULSIM program. Besides calling for the initialization
of the scenario and the loading of the track files, the executive routine calls each subroutine,
in a logical sequence, whenever the NEXRAD subroutine schedules a sector-crossing event.
This procedure can best be followed by referring to Fig. 2.1.

The process is started by setting the game time equal to zero. Subroutine INITAL is
then called to set the initial values of scenario parameters. As the program is currently con-
figured there is no formal input/output (I/O) structure. Initial positions of targets and ships
and parameters relating to trajectories are set in INITAL on a card-by-card basis, i.e., there
are no formatted inputs.

The next step in the process is the loading of the sector track files and the initialization
of the tracking filter. The positions of all the targets and ships with respect to each ship are
determined at time = 0 s and at time = 1 s in each ship's stabilized coordinate system and
deck-plane coordinate system. The subroutines called for this purpose are TRKGEN,
SHPGEN, MOTION, SCOORD, TCOORD and STAB1. Each subroutine is described in
detail in the track correlation/integration section.

The LOAD subroutine uses the generated position information to establish target
velocities and initialize the covariance matrices for the Kalman filter. LOAD also uses the
position information to load the sector track files. The area around each ship is divided into
64 angular sectors, and target tracks are assigned to sector track files according to their
current location.

When the loading and initialization process has been completed, the program starts to
cycle through the main loop of the routine. The program exercises this loop each time a
radar makes a sector crossing. The time at which a sector crossing takes place and the sector
number of the sector the radar has just crossed is determined by subroutine NEXRAD. If
there are targets in the sector designated by NEXRAD or in adjacent sectors, the next step is
to update the position of all targets and ships to the sector crossing time. Subroutines
TRKGEN and SHPGEN are called to give the updated latitude and longitude of all the
targets and ships, and the ship's motion is accounted for by calling subroutine MOTION,
which provides the current pitch and roll of each ship. The new coordinates of all the targets
and ships in each ship's stabilized coordinate system are found by calling subroutines
TCOORD and SCOORD.

4
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The targets located in the sector designated by NEXRAD are identified and their
numbers are loaded into detection files. Each sector is further divided into range bins (200
currently) and, corresponding to each range bin, there is an existing detection file. The
loading of these detection files takes place in subroutine DETFIL.

Before the correlation/integration process can be attempted, noise must be added to
the "true" coordinates of the targets to approximate the measurement process. This is
accomplished by first transforming the stabilized coordinates to deck-plane coordinates* in
subroutine STAB1 and then injecting noise by selecting samples from a normal noise distri-
bution derived from a random number generator. This function is performed by subroutine
NOISY, which also transforms the noisy deck plane coordinates back to the stabilized
coordinate system. All of the correlation/integration process is carried out in the stabilized
coordinate system.

There is one additional bookkeeping function performed prior to the correlation/
integration process. The system sector track files must be kept current. Each sector has a file
that contains all of the tracks currently located in that sector. The PREDIC subroutine is
called to update these track files to predict the position of the tracks at the sector crossing
time. To account for processing delays the PREDIC subroutine is applied, not to the tracks
in the sector designated by NEXRAD, but to the previous sector. An additional time delay
is introduced after PREDIC is called by stepping back one more sector before starting the
correlation/integration process.

The correlation process is started by calling subroutine CORRAS. The tracks located in
the sector under consideration are individually selected for correlation with detections. The
detections located in the nine range/sector bins contiguous to the track are said to be corre-
lated with the track, and the statistical distance between the track and each detection is
calculated.

The association process is concerned with the resolution of conflicts that might arise in
the correlation process, and this is also handled in the CORRAS subroutine. Conflicts occur
when two or more tracks are correlated with the same detection. If this is the case, statisti-
cal distances are compared and the detection is declared to be associated with the track
having the smallest statistical distance to the detection.

The next step is to sort the associated detections. SORT subroutine places detections
in three categories: those associated with participating platforms; those associated with
tracks that one's own ship is responsible for updating; and those associated with tracks
which ownship is not responsible for updating.

Although it is not currently being done, it is planned eventually to use those detections
in the first category for reducing bias errors. Positional information from detections in the
second category is stored for the updating process, and if the detection belongs to the third
category, SORT calls subroutine TIMCON to determine if a time slot is available for
transmitting data over the link.

*See Ref. 2 for description of coordinate systems.

6



NRL REPORT 8358

The executive routine is also concerned with the flagging of time slots. The status of
the 1-s time slots over a 1-min period is taken into account. This 1-min period is divided
into segments of 20 s and the executive routine is responsible for setting the flags associ-
ated with each 1-s time slot in the segment. At 20-s intervals the executive routine sets the
flags in the next 20-s segment to 0. For each time slot this indicates that no data have been
sent over the link during that 1-s period. As data are transmitted the corresponding flags are
set equal to 1.

The LNKDET subroutine is called to start the updating process. For each track the
LNKDET subroutine merges the detections from the communications link with those from
ownship in a sequential file.

2.1.2 Subroutine INITAL

As the program is currently configured there is no formal input/output structure. Con-
sequently INITAL is used to define the scenarios, set parameters, initialize arrays, and
define constants. Table 2.1 defines the arrays, parameters, constants, etc. which are set in
INITAL. Variables are listed in order of appearance.

Table 2.1 - Functions Performed in INITAL

Fortran Description
Variable

RAD Conversion factor, radians to degrees

DIM1, DIM2, DIM3 Dimensions for setting size of arrays in KALMAN

TIMLAG Time lag used in UPDATE

LASDET Location of last available space in file that is loaded in
DETLOC

NEXDET Location of next available space in file that is loaded in
DETLOC

RNGDIM(I,J) Dimension of range bin in meters for radar I on
platform J

N(I) Standard deviation of noise in measurement of targets
and position of platforms. Used to determine the measure-
ment covariance matrix with respect to platform J when
measurement is made at platform I.

N2(I) Standard deviations of noise in measurements, used to
determine covariance matrix with respect to platform I's
stabilized coordinate system

SIGAZD(I,J) Standard deviation of azimuth measurement noise for
radar J on platform I

SIGELD(I,J) Standard deviation of elevation measurement noise for
radar J on platform I

7
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Table 2.1 (Continued) - Functions Performed in INITAL

Fortran
Variable Description

RHOD(I,J)

LISDET(I)

DETSC(I)

FILEX(I,J)

FILID(I)

NS

AZINT(I,J)

RVEL(I,J)

SILAT(I)

SILOG(I)

SIHT(I)

SVEL(I)

NR(I)

NT

SECTIM(I,J)

TILAT(I)

TILOG(I)

TIHT(I)

SIHD(I)

TIHD(I)

TVEL(I)

ER

PR

TIV(I)
SIV(I)

RMAG(I)

PMAG(I)

Standard deviation of range measurement noise for radar
J on platform I

Linkage device used in DETLOC to reserve and vacate
locations in files

Pointing device use in CORRAS to pinpoint location of
last entry to file
Pointing device used in SORT to pinpoint location of last
entry to file
Linkage device used in SORT to link all locations in a file
that are associated with a particular track
Number of platforms in scenario

Initial azimuth of radar I on platform J (deg)

Rotation rate of radar I on platform J (deg/s)
Initial latitude of platform I (deg)

Initial longitude of platform I (deg)

Initial height of platform

Velocity of platform I (m/s)

Number of radars on platform

Number of targets in scenario

Time required by radar I on platform J to sweep over one
angular sector

Initial latitude of target I (deg)

Initial longitude of target I (deg)

Initial height of target I (in.)

Initial heading of platform I (deg)

Initial heading of target I (deg)

Velocity of target I (m/s)

Equatorial radius of the earth (m)

Polar radius of the earth (m)

Angular velocity of target I on great circle route (rad/s)

Angular velocity of platform on great circle route (rad/s)

Roll magnitude of platform I (rad)

Pitch magnitude of platform I (rad)
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Table 2.1 (Concluded) - Functions Performed in INITAL

Fortran
Variable

WOR(I)

WOP(I)

RPHASE(I)

PPHASE(I)

LASTM(I)

DPOPM(I)

FULLM(I)

NEXTM(I)

LISTM(I,J)

DROPD(I)

LASTD(I)

FULLD(I)

NEXTD(I)

LISTD(I,J)

FULLNK

LASLNK

NEXLNK

LISLNK(I)

G(I,J)

H(I,J)

Description
*

Roll rate of platform I (rad/s)

Pitch rate of platform I (rad/s)

Initial roll phase angle for platform I (rad)

Initial pitch phase angle for platform I (rad)
Last available location in file used in MPTFIL

Indicator used in MPTFIL

Number of available locations in file used in MPTFIL

Next available location in file used in MPTFIL

Linking device used in MPTFIL

Indicator used in DUMFIL
Last available location in file used in DUMFIL

Number of available spaces in file used in DUMFIL

Next available space in file used in DUMFIL

Linking device used in DUMFIL
Number of available spaces in file in LNKLOC

Last available space in file used in LNKLOC

Next available space in file used in LNKLOC

Linking device used in LNKLOC

Array used in state equation in KALMAN

Array used in observation equation in KALMAN

-I-

mr
t=

2.1.3 Subroutine LOAD

Subroutine LOAD is called twice by the MULSIM executive routine. Once at time = 0 s
and once at time = 1 s. Positions of all the targets and platforms with respect to every other
platform are determined at time = 0 s. This calculation is carried out with the true target/
platform locations, and the positions are determined in each platform's stabilized coordinate
system. The position coordinates are saved for the next pass through LOAD, and control is
returned to the executive routine. On the second pass through LOAD, positions are again
determined at time = 1 s and velocity estimates are made from the position changes over the
1-s time interval. This information is used to load the estimated state vector for the tracking
filter.

LOAD next calls the STAB2 subroutine for noisy deck-plane position coordinates that
are used in subroutine COVOWN to determine initial values of the measurement covariance

9
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matrix. These values are used in turn to load the covariance matrix that corresponds to the
state vector estimate. In lieu of a track-initiation process, LOAD is also used to assign MPT
and dummy track numbers and to load the sector files. It is also used to initialize the
NEXSEC, TIMNEX, and TLAST arrays. The NEXSEC and TIMNEX arrays contain the
number of the sector that each radar will next cross and the time at which this sector cross-
ing will take place. The TLAST array contains the time at which each track was last
updated. Initially all the elements of TLAST are set equal to 1 s.

The entire process is outlined by a macro flowchart in Fig. 2.2.

2.1.4 Subroutine NEXRAD

Subroutine NEXRAD is called by the Program MAIN. Its primary function is to deter-
mine which radar on which platform will next make a sector crossing and then record the
time at which this event will take place.

The area surrounding each ship is divided into 64 angular sectors. The sectors are
numbered clockwise from true North with the first sector to the right of North being
assigned the number 1.

The flow of logic through the subroutine is outlined in Fig. 2.3. The TIMNEX(I,J)
array contains the time at which radar I on platform J will next make a sector crossing.
NEXRAD interrogates this file for the lowest time. This determines which radar will be the
first to make a sector crossing. The sector number of the sector that radar I is currently
scanning is stored in the NEXSEC(I,J) file. This number is incremented when radar I on
platform J has the lowest value in the TIMNEX file. The TMRK(ISEC,I,J) file is also
updated in NEXRAD. This file records the time at which radar I on ship J crossed from
sector ISEC to ISEC+1. Before leaving NEXRAD, TIMNEX(I,J) is also increased by the time
required by radar I to sweep across a sector.

2.2 SYSTEM STIMULATOR

2.2.1 Subroutine MOTION

Subroutine MOTION is called by the executive routine (MAIN). For a given time,
MOTION calculates the current roll and pitch of each platform. The roll and pitch of each
platform are assumed to be time-varying sinusoidal functions with specified initial values,
magnitudes, and frequencies. Table 2.2 defines the variables used in MOTION.

10
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yes

0

Assign dummy track numbers
for each platform

Load track numbers into sector
track file for each platform

Assign MPT track number
to this track

Fig. 2.2 - Subroutine LOAD macro flowchart
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Noisy deck-plane
coordinates

Measurement covariance
matrix

Fig. 2.2 (Concluded) - Subroutine LOAD macro flowchart
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Set up do-loop on platform
and radars to determine
which radar will next cross
a sector

Time of next sector crossing
> SAVTIM?

End of do-loop

Fig. 2.3 - Subroutine NEXRAD
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Table 2.2 - Variables in Subroutine MOTION

Fortran
Variable

TIME

NS

ARG

WOR(I)

RPHASE(I)

ROLL(I)

RMAG(I)

WOP(I)

PPHASE(I)

PITCH(I)

Description

Time (s)

Number of platforms in scenario

Roll or pitch for unit magnitude
Angular roll frequency for platform I (rad/s)

Initial roll for ship I (rad)

Current roll position for platform I (deg)

Magnitude of roll for platform I (deg)

Angular pitch frequency for platform I (rad/s

Initial pitch for platform I (rad)

Current pitch position for platform I (deg)

2.2.2 Subroutine SHPGEN

Subroutine SHPGEN determines the current latitude, longitude, and heading of all
platforms in the scenario from current positions and velocities. As the program is currently
configured, the platforms are confined to moving on great circle routes over an oblate
spheroid at constant speed. The platforms' angular velocity, initial heading, latitude, and
longitude are provided by INITAL. This reduces the problem to a simple exercise in spheri-
cal trigonometry. Almost 50% of the logic in the subroutine is concerned with resolving
problems encountered at trigonometric discontinuities (± 90°, 1800, 3600 etc.). Table 2.3
defines the variables used in SHPGEN. They are listed in the order of their appearance in the
program listing.

Table 2.3 - Variables in SHPGEN

14

Fortran
Variable

Description

SIV(I) Angular velocity of platform I on great circle route
(rad/s)

TIME Time (s)

C Central angle transcribed by platform under
consideration

YP Sine of central angle

ZP Cosine of central angle

SIHD(I) Initial heading of platform I measured from true North
(deg)

i
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Table 2.3 (Concluded) - Variables in SHPGEN

SILAT(I)

SILOG(I)

XG,YG,ZG

SLAT(I)

SLOG(I)

SIHT(I)

SHT(I)

SHD(I)

Fortran
Variable

Description
*

Initial latitude of platform I (deg)

Initial longitude of platform I (deg)

Direction cosines of platform's current position in geo-
centric coordinate system

Current latitude of platform I (deg)

Current longitude of platform I (deg)

Initial height of platform I (m)

Current height of platform I (m)

Current heading of platform I (deg)

2.2.3 Subroutine TRKGEN

Subroutine TRKGEN is very similar to subroutine SHPGEN. TRKGEN performs the
same function for targets that SHPGEN performs for platforms. The current latitude, longi-
tude, and heading are determined for all targets in the scenario. The targets are confined to
moving on great circle routes at constant altitude and speed over an oblate spheroid. The
targets' angular velocity, initial heading, latitude, and longitude are provided by INITAL.
Table 2.4 defines the variables used in TRKGEN, listed in the order of their appearance in
the program listing.

Table 2.4 - Variables in TRKGEN Subroutine

15

Fortran
Variable

Description

TIV(I) Angular velocity of target I on great circle route (rad/s)

TIME Time (s)

C Central angle transcribed by target under consideration

YP Sine of central angle

ZP Cosine of central angle

TIHD(I) Initial heading of target I measured from true north (deg)

TILAT(I) Initial latitude of target I (deg)

TILOG(I) Initial longitude of target I (deg)
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Table 2.4 (Concluded) - Variables in TRKGEN Subroutine

Fortran Description
Variable

XG, YG, ZG Direction cosines of targets' current position in geo-
centric coordinate system

TLAT(I) Current latitude of target I (deg)

TLOG(I) Current longitude of target I (deg)

THT(I) Current height of target I (m)

THIT(I) Initial height of target I (m)

THD(I) Current heading of target I (deg)

2.2.4 Subroutine SCOORD

The current range, azimuth, and elevation of all the platforms with respect to a speci-
fied platforms' stabilized coordinate system is determined by subroutine SCOORD. The
locally stabilized coordinate systems are centered at each platform's c.g. with the z-axis
pointed upward along the local gravity vector, the y-axis pointed toward true North, and the
x-axis lying due east (see Fig. 2.4). Azimuth is measured clockwise from the y-axis.

Ys

-EARTH's AXIS OF ROTATION

LOCAL GRAVITY VECTOR

/r-

Fig. 2.4 - Locally stabilized coordinates
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If the latitude, longitude, and altitude of each platform are known, it is a simple exer-
cise in spherical trigonometry to determine the stabilized coordinates of each platform in
some other platform's stabilized coordinate system and hence the respective range, azimuth,
and elevation. The variables used in this process are listed in Table 2.5 in the order of their
appearance in the program listing.

Table 2.5 - Variables in SCOORD

Fortran Description
Variable

NS Number of platforms in scenario

NT Number of targets in scenario

ISHIP Platform under consideration

ER Equatorial radius (m)

PR Polar radius (m)

RAD Conversion factor, degrees to radians

SLAT(I) Current latitude of platform I (deg)

RHOT Local Earth radius at platform I (m)

RHOS Local Earth radius at platform ISHIP (m)

SLOG(I) Current longitude of platform (deg)

XYZ Geocentric coordinates of platform I

XP, YP, ZP Stabilized coordinates of platform I in ISHIP's stabilized
coordinate system

AZ(K,J) Azimuth of platform K with respect to platform J (deg)

EL(K,J) Elevation of platform K with respect to platform J (deg)

RG(K,J) Range of platform K with respect to platform J (m)

ISEC Sector containing platform K in platform J's coordinate
system

KSEC(ISEC,J) Indicator which indicates that platform J has a target in
sector ISEC

SHT(J) Altitude of platform J (m)

2.2.5 Subroutine TCOORD

Subroutine TCOORD essentially parallels subroutine SCOORD; i.e., the range, azi-
muth, and elevation of all targets in the scenario are determined in a specified platform's
stabilized coordinate system. The variables not used in subroutine SCOORD are given in
Table 2.6.

17
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Table 2.6- Variables Not Used in SCOORD

Fortran Description
Variable

TLAT(I) Current latitude of target I (deg)

TLOG(I) Current longitude of target I (deg)

THT(I) Current altitude of target I (m)

2.2.6 Subroutine DETFIL

Subroutine DETFIL is called by the executive routine to assign detection numbers to
targets and load them in their respective range bin files. Technically speaking, DETFIL is
not part of the stimulation process. In an operating system the DETFIL function would be
performed on noisy measurements made by the system; however, in MULSIM the DETFIL
function is performed on the stabilized true target positions. This was done to eliminate
problems associated with targets flying along sector lines and hopping from one sector to
the other as noise was injected into their measurements. Since the DETFIL subroutine per-
forms its operations before the completion of the stimulation process, it has been included
in the system stimulator section.

Subroutine DETFIL is called for a specified radar, platform, and sector. The first step
in the process is to determine the angular limits of the specified sector and then run through
all the platforms and targets in the scenario to see if they lie within this sector. The next
step is to determine which range bin contains the target and to load the assigned detection
numbers into a linked file that contains all the detection numbers assigned to each individ-
ual range bin. Aside from determining whether the target under consideration has moved
into the sector during the sector crossing time and zeroing out an array used in the correla-
tion subroutine, this essentially completes the process. Table 2.7 describes the FORTRAN
variables used, and Fig. 2.5 is a flowchart of the subroutine logic.

Table 2.7 - Variables in DETFIL
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Fortran
Variable

Description

IR, IS, ISEC Identification numbers of radar, ship, and sector under
consideration

NT, NS Number of targets and platforms in scenario

LSTBIN(I,J,K,L) Array containing identification number of last target to
be placed in linked file for sector I, range bin J, radar K,
and platform L

AZLO Lower boundary of sector ISEC (deg)

AZHJ Upper boundary of sector ISEC (deg)
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Table 2.7 (Concluded) - Variables in DETFIL

Fortran Description
Variable

AZ(I,J), RG(I,J) Azimuth, range of target/platform I w.r.t. platform J
(deg)

JRN Range bin identification number

IDET(IR,IS) File containing next-detection identification number to
be assigned by radar IR on platform IS

RNGDIM(IS,IR) Range dimension of range bins for radar IR on platform
IS

IDTA(ID, IR, IS) File which links detections and targets. File contains
target/platform number that corresponds to detection
ID from radar IR on platform IS.

ITAG(I,IR,IS,ISEC) Indication that target I was assigned detection number in
sector ISEC

LNKBIN(ID,IR,IS) Linking device that links all the detections from a
particular range bin for radar IR on platform IS

TRATG(ID) Flag that indicates that detection ID has been correlated
with a track

2.2.7 Subroutine STAB1

Subroutine STAB1 is called by the MULSIM executive routine. Its primary purpose is
to produce the deck-plane coordinate of all the targets/platforms in the deck-plane coor-
dinate system of a platform (ISHIP) which is designated in the calling sequence. The sub-
routine is entered with the stabilized coordinates and the current roll and pitch of platform
ISHIP. With this information, it is a simple trigonometric exercise to rotate the stabilized
coordinates into the deck-plane system. Table 2.8 lists the variables used in STAB1 in the
order of their appearance in the program listing.
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Table 2.8 - Variables in STAB1

Fortran Description
Variable ____________________________

NT Number of targets in scenario
NS Number of platforms in scenario

ISHIP Platform under consideration

ROLL(J), PITCH(J),
(SHD(J) Current roll, pitch, and heading of platform J (deg)

AZ(I,J), EL(I,J) Current azimuth and elevation of target I in platform J's
stabilized coordinate system (rad)

XX(I,J), YY(I,J) Direction cosines of target I's position

SS(I,J) Vector in platform J's deck-plane coordinate system

AZD(I,J), ELD(I,J) Azimuth and elevation of target/platform I in platform
J's deck-plane coordinate system

2.2.8 Subroutine NOISY

Subroutine NOISY is called by the MULSIM executive routine to provide the model
with the noisy stabilized coordinates of every detection in a designated radar sector. The
first step in the process is to go through each range bin in the sector and select individual
detections from the range bin under consideration.

If there are detections in a particular range bin, the next step is to identify the targets
they correspond to through the IDTA array and load the XYZTRU array with the true rec-
tangular stabilized coordinates for future reference. This is more or less preliminary to the
primary function of NOISY. The nucleus of NOISY is the STAB2 subroutine. Therein,
samples are selected from a normal noise distribution derived from a random number
generator. The samples are then added to the deck-plane coordinates, and the noisy deck-
plane coordinates (range, azimuth, elevation) are transformed to the stabilized coordinate
system and returned to NOISY. NOISY next takes the noisy stabilized range, azimuth, and
elevation and determines the rectangular coordinates of the detection. These are loaded in
the XYZMS file. The TMS file, which contains the time at which the detection was made, is
loaded with the sector-crossing time. This process is repeated until all of the detections in
sector ISEC have been considered.

Table 2.9 describes the variables used in NOISY listed in the order of their appearance
in the listing. Figure 2.6 is a flowchart of the subroutine.
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Fig. 2.5 - Subroutine DETFIL
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Table 2.9 - Variables in NOISY

Fortran Description
Variable

IR, IS, ISEC Radar, platform, and sector to be considered

JRN Range bin number

LSTBIN(I,J,K,L) Array containing identification number of last detection
made in range bin J of sector I by radar K on platform L

IDTA(I,J,K) Array containing target number of target that corre-
sponds to detection I, made by radar J on platform K

XYZTRU(I,J,K,L) True rectangular coordinates of detection I, made by
radar K on platform L

J = 1 x-coordinate
= 2 y-coordinate
= 3 z-coordinate

RG(I,J), AZ(IJ), Range, azimuth, elevation of target I with respect to plat-
EL(IJ) form J (m and rad). Values are true stabilized before call

to STAB1; noisy afterwards.

XYZMS(I,J,KL) Noisy stabilized rectangular coordinates of detection I
made by radar K on platform L

J = 1 x-coordinate
= 2 y-coordinate
= 3 z-coordinate

TMS(I,J,K) Time at which detection I was detected by radar J on
platform K

TMRK(I,J,K) Time at which radar J on platform K passes from sector
I to (I + 1).

LNKBIN(I,J,K) Linking device containing number of the detection that
was made prior to detection I and is in the same range bin
as detection I. J and K represent the radar and platform
number respectively.

2.2.9 Subroutine STAB2

Subroutine STAB2 is called by subroutine NOISY for a designated target, ship,
and radar. Its primary function is to inject noise into the true deck-plane range, azi-
muth, and elevation and to transform the noisy measurements to the stabilized
coordinate system. This is accomplished by selecting samples from a normal noise dis-
tribution derived from a random number generator (VRANF), weighting the samples
by the standard deviation, and adding the result to the true deck-plane range, azimuth,
and elevation. The transformation to the stabilized coordinate system is a simple 3-axis
rotation involving the ship's roll, pitch, and heading.
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rr

DO 100

Go thru all range bins
JRN = 1,100 in ISEC

ID LSTBIN (ISEC, JRN, IR, IS)

gAny no

\ range bin 
\ ? / Get target number save

~~~~true rect. coord.
yes

IT =IDIA (ID, IR, IS)
XYZTRU (ID, 1, IR, IS) = RG (IT, IS) SIN (AZ(IT, IS)i *COS (EL(IT, IS)
XYZTRU (ID, 2, IR, IS) = RG (IT, IS) COS (AX(IT,IS)i *COS (ELUITISi)
XYZTRU (ID, 3, IR, IS) = RG (IT, IS) SIN (EL(IT, IS,))

CALL S Get noisy stab, range, az., el.

Save noisy measurements

XYZMS (ID, 1, IR, IS) = RG (IT, IS) *SIN (AZ(IT,IS)) *COS (EL(IT, IS))
XYZMS-(ID, 2, IR, IS) = RG (IT, IS) *COS (AZ(IT, ISi) *COS (EL(IT,IS))
XYZMS (ID, 3, IR, IS) = RG (IT, IS) SIN (EL(IT,IS))

IMS (ID, IR, IS) = TMRK (ISEC, IR, IS) Set time of detection
ID = LNKBIN (ID, IR, I)| Pick out next detection

100

F. 2.6 mr Sbrainge N

|no

Fig. 2.6 -Subroutine NOISY
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Table 2.10 lists the variables in the order that they are presented in the listing.

Table 2.10 - Variables in STAB2

Fortran
Variable

I,J,K

AZR, ELR

AZND(I,J,K) )
ELND(I,J,K)

RNND (I,J,K) )
ROLL(J), PITCH(J)

X,Y,Z

SHD(J)

AZ(I,J), EL(I,J)
RG(I,J)

}

Description

Designated target, platform, and radar

Noisy deck-plane measurements (rad)

Noisy deck-plane azimuth, elevation, and range measure-
ments for target I as measured by radar K on platform J

Current roll and pitch of platform J
Direction cosines of target in stabilized system that has
x-axis pointed in direction of ship's motion

Current heading of platform J (deg)
Stabilized azimuth, elevation, and range of target I with
respect to platform J. True quantities are replaced by
noisy quantities in these arrays before leaving STAB2.

2.3 Track Correlation/Integration System

2.3.1 Subroutine PREDIC

Subroutine PREDIC is called by the MULSIM executive routine. Its primary purpose is
to keep the sector track files current; i.e., when a target changes sectors it must be deleted
from the track file of the sector it has just left and added to the sector it has just entered.

Tracks are placed in track files according to the sector in which they are currently
located. For example, after the detections from sector J (see Fig. 2.7) are placed in the
appropriate detection files, the question arises as to which tracks are candidates for correla-
tion with these detections. This question is not answered immediately. The correlation
process takes place in sector (J-2) to account for delays in the system. However, before
attempting the correlation process an intermediate bookkeeping step is required to keep the
sector files current. The predicted positions of the tracks in the (J-1) sector file at the (J-1)
sector crossing time are determined to see if they are still located in sector (J-1). Adjust-
ments are made to the sector files to reflect any change in their position at this time.

Each ship maintains two sector track files, i.e., for each sector, each ship maintains
what is referred to as a dummy track file,* which is used for local purposes, and a multiple
platform track (MPT) file, which is used for communicating with other ships via the link.

*The dummy file is used for two reasons: (a) because there may be tentative tracks that have not gone out
over the link, and (b) because provisions must be made for the system degrading to a single unit.
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PLATFORM

Fig. 2.7 - Locating tracks and detections

The first step taken by PREDIC in this process is to interrogate the dummy sector file
(DUMSX) to determine if there are any tracks in sector ISEC. If there are no tracks, control
is immediately returned to the executive routine. Otherwise the first track in the DUMSX
file is examined to determine if it is a track that platform IS is responsible for updating. The
X(I) file is next loaded with position and velocity coordinates from the XSMO(I,J,K)
tracking file. For those tracks that come from other platforms the position coordinates and
velocity components are run through the appropriate transformations by the TRANSF and
VTRANS subroutines.

The next step is to determine the predicted position of the track at a time correspond-
ing to the sector-crossing time (TMRK). The rectangular coordinates of the predicted posi-
tion are stored in the XYZDUM array and the predicted range, azimuth, and elevation are
stored in the RAEDUM array.

The bulk of the remaining logic in the subroutine is concerned with determining which
sector contains the predicted track position. If the track (NT) remains in sector ISEC, no
further action is taken. When the track has moved to a new sector, subroutine DUMDRP is
called to remove it from sector ISEC's track file, and subroutine DUMNEW is called to place
it in the track file of the new sector. This process is repeated until all the tracks in sector
ISEC have been considered.

Table 2.11 contains the variables used in PREDIC in the order of their appearance in
the program listing.
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Table 2.11 - Variables in PREDIC

Fortran
Variable

ISEC, IR, IS

DUMSX(I,J)

TMRK(I,J,K)

TRKST(NT,IS)

PTFST(NT,IS)

XSMO(I,MT,KS)

XYZDUM(NT,I,IS)

RAEDUM(NT,I,IS)

Description

The sector, radar, and platform under consideration

Array containing the identification number of the last
track to be placed in sector I dummy track file on
platform J
Sector-crossing time; i.e., the time at which radar J on
platform K passes from sector I to sector I + 1.

File linking dummy tracks and MPT tracks; contains the
MPT number of track NT from platform IS

File containing the platform number of the platform that
is responsible for updating track NT from platform IS's
dummy track file.

Smoothed position and velocity coordinates of track MT
that reside in platform KS's MPT file

I = 1,
= 3
= 5,

x-coordinate;
y-coordinate;
z-coordinate;

I = 2,
= 4,
= 6,

x-coordinate
y-coordinate
z-coordinate

Predicted rectangular position coordinates of track NT
from platform IS's dummy file

I= 1,
= 2,
= 3,

x-coordinate
y-coordinate
z-coordinate

Predicted range, azimuth, and elevation of track NT with
respect to platform IS's stabilized coordinate system.

I= 1, range
= 2, azimuth
= 3, elevation

2.3.2 Subroutine CORRAS

2.3.2.1 Introduction

Subroutine CORRAS is called by the MULSIM executive routine. The primary purpose
of the CORRAS subroutine is to identify those detections from a designated radar/platform
that correlate with the tracks in a designated sector and to resolve conflicts that might arise
when more than one track is correlated with the same detection. The latter function is
referred to as the association process. A macro flowchart outlining the procedure adopted to
correlate and associate detections with a group of tracks from a given azimuth sector is
shown in Fig. 2.8.
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cr

Fig. 2.8 - The correlation and association process
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Basically what is involved in the correlation process is the selection of detections in
some geometrical area surrounding a predicted track location. These detections are then
ordered according to a previously defined statistical distance to the track under considera-
tion and are stored in a retrievable file for use in the association process.

The association process is concerned with resolving conflicts that occur during correla-
tion. Conflicts occur when two or more tracks have the same detection at the top of their
detection files. The association process resolves these conflicts by comparing statistical
distances.

2.3.2.2 The Correlation Process

The actual correlation process is preceded by the selection and location of tracks. This
is detailed in Fig. 2.9. The track number (NT) at the top of the dummy sector file is selected
to begin the process. The range bin (JRNG) that contains the predicted position of the track
is then determined, and this is used to correlate the track with detections in its range-
azimuth bin and in all adjacent range-azimuth bins; i.e., nine range-azimuth bins in all are
considered. After the association process the next track in the sector dummy file is selected
and the process is repeated until there are no tracks left to be considered in the sector
clutter file (NT = 0).

The correlation process begins by considering the detections located in azimuth-range
bin (I-1, J-1). See Fig. 2.10. The detection numbers of the detections from each range-
azimuth bin have been placed in linked files. The first detection number (IDETNO) for bin
I,J is obtained from LSTBIN (I,J,IRAD,ISHIP). When a value of zero is obtained from this
file, it is an indication that there are no further detections to be considered in bin I,J. As
each detection is drawn from the LNKBIN file, the statistical distance between the detec-
tion and the track under consideration is determined by subroutine COVOWN. This is used
to order the detections in a sequential file IRADET(J), with the detection number having
the smallest statistical distance placed in IRADET(1). This process is repeated for all adja-
cent bins and for the bin that contains NT. The net result is two sequential files:
IRADET(J) containing the ordered detection numbers and SDIST(J) containing the ordered
statistical distances. The number of detections (K) correlating with NT is also recorded. The
sequential files are not tagged with an identifier relating them to NT because these values
will be placed in a linked file during the association process, thereby allowing greater
flexibility in retrieval and storage. The correlation process is detailed in Fig. 2.9.

2.3.2.3 The Association Process

The association process begins with placing the statistical distances and detections,
which have been correlated with the track under consideration, in linked files. The detection
numbers are placed in ISTOR(LOC) and the statistical distances in SD(LOC). The detections
are located in these files with a pointer DETSX(LOC). This gives the location (LOC) of the
correlated detection that has the smallest statistical distance to the track under considera-
tion. The location of the detection with the smallest statistical distance is found from the
link DETID(LOC), i.e., DETID(LOC) contains the location of the detection that follows the
one found in LOC. As detection numbers and statistical distances are fed into the ISTOR
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Fig. 2.9 - The correlation process
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RANGE

I +1

Fig. 2.10 - Azimuth-range bins

and SD files, locations in these files are provided by the NEWLOC subroutine. Flowcharts of
the NEWLOC subroutine and the association process are found in Figs. 2.11 and 2.12
respectively.

Fig. 2.11 - Subroutine NEWLOC

After the correlated detections and statistical distances have been placed in the linked
files, it is possible to proceed with the resolution of conflicts. This begins with the selection
of the first detection number (IDETNO) from the linked file. For each detection there is a
one-to-one relationship with some track. This is established through the use of the TRATG
file. If TRATG(IDETNO) is zero, it means that a relationship has not previously been estab-
lished between IDETNO and some track. In this case TRATG(IDETNO) is assigned the
value NTA. If TRATG(IDETNO) has been previously assigned another track number (NTT),
this means that a conflict exists. The conflict is resolved by comparing statistical distances.
If the statistical distance between NTA and IDETNO is less than that between NTT and
IDETNO, then TRATG(IDETNO) is assigned the value NTA, and the next detection in the
linked file of detections that correlated with NTT is examined for a possible conflict with
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other tracks. This process will continue until a one-to-one relationship is established
between a track and a detection or there are no more detections left in a linked detection
file. If the statistical distance between NTA and IDETNO is not less than that between NTT
and IDETNO, the process reverts to the next detection in the linked file associated with
NTA and again an attempt is made to establish a one-to-one relationship. As each conflict is
resolved, the location of the detection which correlated with the track having the larger
statistical distance is made available for future storage in the ISTOR and the SD file. This is
accomplished by calling the NEWLOC subroutine with IDRP set equal to zero.

When all tracks in the designated sector have been correlated with the given detections
and all conflicts have been resolved, the process is complete.

The Fortran variables used in CORRAS are listed in Table 2.12.

Table 2.12 - Variables in CORRAS

Fortran
Variable

ISHIP, ISEC, IRAD

DUMSX(I,J)

DETSX(NT)

DETID(LOC)

NT

JRNG

RAEDUM(NT,I,K)

RNGDIM(ISHIP,
IRAD)

LSTBIN(I,J,K,M)

LNKBIN(I,J,K)

Description

Platform, sector, and radar under consideration

Array containing the trade number of last track to be
placed in platform J's Ith sector file.

Array that identifies the locations in the ISTOR and SD
files that contain the ID number and the statistical
distance to tract NT of the detection with the smallest
statistical distance to NT

Linking device that gives the location of detection and
statistical distance that is next smaller than the one found
in LOC

Track number

Range-bin identifying number

Predicted range of track NT from platform K's dummy
track file

Range dimension assigned to range bins associated with
radar IRAD on platform ISHIP

Array containing identification number of last detection
made in range bin J of sector I by radar K on platform M

Linking device containing the number of the detection
that was made prior to detection I and is in the same
range bin as detection I. J and K represent the radar and
platform number, respectively
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Table 2.12 (Concluded) - Variables in CORRAS

Fortran
Variable

SDIST(NN)

IRADET(NN)

DUMID(NT,ISHIP)

ISTOR(LOC)

SD(LOC)

TRATG(ID)

IDRP

Description

Array containing statistical distances from track under
consideration to all the detections that are correlated
with it. SDIST(1) is smallest.

Array containing detection numbers of detections that
are correlated with track under consideration.
IRADET(J) corresponds with SDIST(J).

Linking device containing the track number of the track
that was placed in sector track file prior to track NT

Linked file containing detection numbers of correlated
detections. Similar to IRADET temporary file. Accessed
by DETSX pointer and DETID linking device.

Linked file containing statistical distances between
detection in ISTOR and track designated by DETSX.

Flag indicating status of detection ID

TRATG(ID) = 1; detection has been correlated with
some track.

TRATG(ID) = 0; detection has not been correlated
with any track.

Flag for subroutine NEWLOC

IDRP = 1; find a new location

IDRP = 0; vacate location

a-_

A:)

Ire

M
_,

2.3.3 Subroutine COVOWN

Subroutine COVOWN is called by subroutine CORRAS. Its primary purpose is to pro-
vide the KALMAN subroutine with the measurement covariance matrix in the stabilized
coordinate system of the tracking platform. If the tracking platform is not the detecting
platform, the calculations are made by subroutine COVLNK, which is discussed in section
2.3.4. The measurement covariance is used by KALMAN to determine the statistical dis-
tance from the detection to the target.

The subroutine is presented with the standard deviations of the range, azimuth, and
elevation. It is assumed that there is no cross-correlation between the three measurements,
hence, the covariance matrix as represented by the standard deviations is diagonalized. Since
the measurements are made in the deck-plane coordinates, it is COVOWN's task to trans-
form this matrix to the stabilized coordinate system of the tracking platform. Because the
deck-plane coordinate system is continually in rotational motion with respect to the stabi-
lized coordinate system, this procedure must be carried out each time a statistical distance is
requested by CORRAS.
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The process can be represented mathematically as follows: the position vector in the
deck-plane coordinates can be expressed as a truncated Taylor's series

Y = Y-E T ~

ax/aR ax/aq

+ ay/aR ay/al

az/aR az/aqr

ax/aa Nr1

ay/aa N[ N

az/ao Na_

(x, y, Z)

(ax/aR ,ax/aF, etc.)

(Nr, Nq, Nax)

(R,r,oa)

is the mean or true position of the target in the platform's
deck-plane coordinate system

is the target position vector in the platform's deck-plane
coordinate system, based on measurements made at the
platform
are the partial derivatives of the components of the position
vector with respect to changes in the measurements made at
the platform
represent noise in the measurements made by the platform's
radar
represent the range, elevation, and azimuth measurements
made by the platform.

If vector matrix notation is used, Eq. (2.3.1) may be rewritten as

X=X+AN. (2.3.2)

The deck plane coordinates can be transformed from the stabilized coordinates by the
H(IJ) and P(IJ) matrices. The H matrix accounts for the platform's heading and the P
matrix accounts for the platform's pitch and roll. This can be expressed as

H-P-X = H-P(X +A-N)
or

(2.3.3)

(2.3.4)H-P(X-X) = H-P-A * N.

The left side of Eq. (2.3.4) represents the measurement error in the stabilized coordinate
system and it is the covariance of this quantity that is required; i.e.,

cov(M)= E(HIPIA-N-N *ATTP T H)
or (2.3.5)

= H9P-A-N-NTAT PT HT.
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This is represented by the ,OV4V(I,J) matrix in the listing; the product H * P -A is given by
the (AJS(I,J) matrix, and N -NT is the diagonalized covariance represented by the standard
deviations in range, azimuth, and elevation measurements.

The covariance matrix, the time at which the detection was made, the track with which
is has been correlated, and the measured stabilized coordinates of the detection are pre-
sented to the KALMAN subroutine which determines the statistical distance. This completes
the process and control is returned to CORRAS. A flowchart of the process and a list of
Fortran variables are in Fig. 2.13 and Table 2.13, respectively.

Fig. 2.13 - Subroutine COVOWN
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ZM1 = XYZMS (IDETNO, 1, IRAD, ISHIP)
ZM2 = XYZMS(IDETNO, 2, IRAD, ISHIP)
ZM3 = XYZMS (IDETNO, 3, IRAD, ISHIP)

yes

Fig. 2.13 (Concluded) - Subroutine COVOWN
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Table 2.13 - Variables in COVOWN

Fortran
Variable

IRAD

ISHIP

IDETNO

NT

SD

ISEC

MT

TRKST(I,J)

PTFST(I,J)

SHD(I)

H(I,J)

P(I,J)

ROLL(J), PITCH(J)

ELND(IT,ISHIP,IRAD))

AZND(IT,ISHIP,IRAD)

RNND(IT,ISHIP,IRAD))

A2(I,J)

COVM(I,J)

COVMS(N,I,J,K,L)

XYZMS(I,J,K,L)

KFLAG

TMS(I,J,K)

TIMLNK(I,J)

XSMO(I,J,K)

Description

Number of radar making detection

Number of platform making detection
Number of detection under consideration

Number of track that correlates with IDETNO

Statistical distance

Sector in which detection was made

Multiple platform track number corresponding to NT

File that contains MPT number of dummy track I
from platform J

File that contains platform number of the platform
that is tracking dummy track I from platform J

Current heading of ship I

Array that accounts for platform's heading in
coordinate transformation
Array that accounts for platform's roll and pitch in
coordinate transformation
Current roll and pitch of platform J

Noisy deck-plane measurements of target IT as made
by IRAD on platform ISHIP.

Array of partial derivatives of Ith component of
position vector with respect to Jth component of
measurement

Measurement covariance matrix

Measurement covariance matrix associated with
detection N, radar K, and platform L

Measurement position vector of detection I, radar K,
platform L

Indicator that tells KALMAN that call is for statistical
distance calculation (KFLAG = 2) or updating
(KGLAG = 1)

Time at which detection I was made by radar J on
platform K

Time at which track I was last updated by platform J

Smoothed position vector of track J as determined by
platform K
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2.3.4 Subroutine COVLNK

Subroutine COVLNK is called by subroutine COVOWN and subroutine UPDATE.
When the tracking platform is not the detecting platform, COVLNK is called to produce the
measurement covariance matrix in the tracking platform's stabilized coordinate system. The
measurement covariance is used by KALMAN to determine the statistical distance from the
detection to the target.

As with COVOWN the problem is to transform the measurement covariance matrix to
the stabilized coordinate system of the tracking platform. The process is further compli-
cated by uncertainties in the relative location of the two platforms. Mathematically it can be
represented as follows: the position vector with respect to the supposed location of the
tracking platform's origin is given by

X2 + T [S +AX] + U (2.3.6)

where T and U are rotational and translational matrices, respectively 1 is the location
of the target in the detecting platform's stabilized coordinate system and AX1 represents
the inexact location of the detecting platform. The position vector of the target in the
tracking platform's stabilized coordinate system is given by

S X2 AX (2.3.7)

= T [Si +AT1] +AUX AX 2 (2.3.8)

=T [H PDi +AY+ AY1 ] + U -AX 2 (2.3.9)

where H and P are defined as in COVOWN and DI is the position vectogrof the target in the
detecting platform's deck-plane system. The stabilized position vector (S2) can also be
expressed as a truncated Taylor's series
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as2/a alax 2/aAY1as2MAl. as2MA' 2as2/aY2as2/a2 2
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as2 /aA1 D as2 /aAy1 as2 /a~Z1 .. . as2IaA 2 as2 /aAY2 as2 IaAZ2 J

S2 - S2 =A N

where the elements of A are found from differentiating Eq. (2.3.9). The left side of Eq.
(2.3.12) represents the error in the position of the target in the tracking platform's
stabilized coordinate system. Errors are induced by inaccurate measurements from the
detecting platform and the inexact locations of both platforms. It is the covariance of this
quantity that is needed for determining the statistical distance and updating, i.e.,
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(2.3.13)cov (M) = E (A.N.NTAT)

= A-N-NT AT (2.3.14)

which is represented by the COVM(IJ) matrix in the program listing and NNT is the
diagonalized covariance matrix represented by the standard deviations of measurements
and platform locations. The covariance matrix is returned to COVOWN or to UPDATE for
the KALMAN subroutine. The Fortran and variables not used in COVOWN are listed in
Table 2.14.

Table 2.14 - Variables Not Used in COVOWN

Fortran Description
Variable

KS Detecting platform

ID Detection number
IR Radar number of radar making detection

JSHIP Tracking platform

SLAT(I), SLOG(I) Current latitude and longitude of platform I

T(I,J) Transformation matrix for transforming from one
platform's stabilized coordinate system to another

A(I,J) Array of partial derivatives as defined in Eq. (2.3.10)

N(I) Standard deviations of noise in measurement and
platform positions

2.3.5 Subroutine KALMAN

Subroutine KALMAN is called by subroutines COVOWN to provide statistical distance
information and by subroutine UPDATE to update the estimate of the state vector of a
given track. The smoothing and estimation process is performed by a Kalman filtering
algorithm similar to the 2D algorithm described in Ref. 3. The state equation in the tracking
platform's stabilized coordinate system is given by

X(t + 1) = ¢(t) X(t) + r(t) A(t) (2.3.15)
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where

x(t)

x(t)

y (t)

y(t)

z(t)

z(t)

0(t) =

'/2T2 0 0

T 0 0

0 1/2T2 0

0 T 0

0 0 1/2T2

0 0 T

1 T0 0 0 0

0 1 0 0 0 0

0 0 1 T0 0

0 00100

o o o o 1 T

O O O O 0 1

and A (t) =

OOOO1TL

with X(t) being the state vector at time t consisting of position and velocity components
x(t), x (t), y(t), y (t), z(t), and z (t), t + 1 being the next observation time, T being the time
between measurements, and ax(t), ay(t), and az(t) being random accelerations whose
covariance matrix is Q(t). The observation equation is

Y(t) = M(t)X(t) + N(t),

where

-1 0 0 0 0 O- ux (0

M(t) = 0 0 1 0 0 0 and N(t) = vy (t

10 0 0 0 1 0 1(t)

(2.3.17)

with Y(t) being the measurement at time t consisting of positions xm (t), zm (t), and Ym (t);
and N(t) being zero mean noise whose covariance matrix is R(t), provided by COVOWN or
COVLNK.
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The problem is solved recursively by first assumingthat the problem is solved at time
(t - 1). Specifically it is assumed that the best estimate X (t - 1 I t - 1) at time (t - 1) and
its error covariance matrix P(t - 1 i t - 1) are known, where the circumflex signifies an
estimate and X (t I s) signifies that X(t) is being estimated with observations up to Y(s). The
six steps involved in the recursive algorithm are as follows:

Step 1. Calculate one-step prediction

X(tit - 1) = 0(t - 1)X(t - lit - 1) (2.3.18)

Step 2. Calculate the covariance matrix for one-step prediction,

P(tit - 1) = 0(t - 1)P(t - lit - 1)j(t - 1) + F(t - 1)Q(t - 1)r(t - 1) (2.3.19)

Step 3. Calculate the prediction observation

Y(tit - 1) = M(t)X(tit - 1) (2.3.20)

Step 4. Calculate the filter gain

A(t) = P(t It - 1)M~(t) [M(t)P(t It - 1)TW(t) + R (t)]- (2.3.21)

Step 5. Calculate a new smoothed estimate

X(tit) = X(tlt - 1) + A(t) [Y(t) - Y(tit - 1)] (2.3.22)

Step 6. Calculate a new covariance matrix

P(tl t) = [I - A(t)M(t)] P(tIt - 1). (2.3.23)

In summary, with an estimate X (t - 1 i t - 1) and its covariance matrix P(t - 1 It - 1), after
a new observation Y(t) is received and the six quantities in the recursive algorithm are cal-
culated, a new estimate X (t I t) and its covariance matrix P(t I t) are obtained.

For each track, the first two passes through KALMAN are used to initialize the filter.
On the first pass the smoothed covariance is approximated by setting the appropriate ele-
ments equal to the measurement covariance matrix. On the second pass the definition of the
smoothed covariance matrix, the current measurement covariance, and previous smoothed
covariance and the time step are used to determine the elements of the new smoothed
covariance matrix. When KALMAN is called for statistical distance before the first two
passes are complete, the statistical distance is arbitrarily assigned a value of 10. The statisti-
cal distance as calculated by the model is the squared Mahalanobis distance [2] from the
smoothed track position to the predicted track position plus the Mahalanobis distance from
the smoothed position to the measured position. The Mahalanobis distance differs from the
Euclidian distance in that a covariance matrix kernel is used instead of the identity matrix.

The Fortran variables equivalent to the algebraic variables used in Eqs. (2.3.18)
through (2.3.23) are listed in Table 2.15.
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Table 2.15 - Variables in Recursive Algorithm of Eqs. (2.3.18) to (2.3.23)

Fortran Description
Variable

XP(I) Predicted state vector X (.t I t - 1)
ZM(I) Measurement vector Y(t)
PS(I,J) Smoothed covariance matrix P(t I t)
COVM(I,J) Measurement covariance matrix R(t)
TDEL Time between measurements T
H(I,J) Matrix M(t) from observation Eq. (2.3.17)
WT(I,J) Filter gain At
PHI(I,J) State transition matrix 0(t - 1)
PP(I,J) Predicted covariance matrix P(t I t - 1)
COVS(I,J) Covariance of random accelerations Q(t)
G(J,K) State transition matrix F(t - 1)
XS(I) Smoothed state vector X (t I t)

2.3.6 Subroutine SORT

Subroutine SORT is called by the MULSIM executive routine. Its primary purpose is to
sort the detections associated with the tracks in a given sector into three distinct categories:
those associated with tracks from participating platforms, those associated with tracks from
the detecting platform's file, and those associated with tracks that another platform is
responsible for updating.

SORT is presented with a designated platform, sector, and radar. The detections
associated with each track in the sector file are processed according to which category the
track falls into. If the track is a participating platform no further processing is required since
platform updating is not dependent on radar detections; however, it is proposed in the
future to use the detections of platforms to develop a bias removal scheme. If the track is
assigned to another platform, the detecting platform's roll, pitch, and heading are placed in
files for transmission over the link, and a random delay is added to the detection time to
produce the time at which the detection information will be sent over the link. This
information is next used by the contact selector subroutine (TIMCON) to select contacts
for transmission over the link. Last, if the track is assigned to the detecting platform, the
linked TESTO file is loaded with information for accessing the detection files. TESTO con-
tains the identification number of all detections that have recently been associated with
the track under consideration.

When all tracks in the sector track file have been considered, control is returned to the
executive routine. A flowchart of the process and a list of Fortran variables are found in
Fig. 2.14 and Table 2.16 respectively.
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Fig. 2.14 - Subroutine SORT
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Table 2.16 - Variables in SORT

Fortran
Variable

ISEC, ISHIP, IRAD

DUMSX(ISEC,ISTOP)

DETSX(NT)

ISTOR(LOC)

PTFST(NT ,ISHIP)

TRKST(NT,ISHIP)

ROLL(I)
PITCH(I), SHD(I)

TMS(I,J,K)

TESTO(LOC,I)

FILFX(NT,I)

FILID(LOC)

Description

Sector, platform, and radar under consideration

Array that contains the track number of first track in
platform ISHIP's sector track file

Pointer that provides location of detection information
on detection that has been associated with track NT

File containing the number of the detection associated
with track NT. LOC is provided by DETSX.

Number of the platform responsible for updating track
NT from ISHIP's dummy sector file

Number of MPT track that corresponds to track NT from
ISHIP's dummy sector file

Current roll, pitch, and heading of platform I

Time of detection for detection I in platform K's Jth
sector

Linked file containing numbers of the detections associ-
ated with track NT. File also contains respective platform
and radar numbers

I = 1; detection number
= 2; platform number
- 3; radar number

Pointer for accessing TESTO file. Gives location of last
detection number, etc., to be associated with NT from
platform I's dummy to be sector file

Linking device that links locations of all of the detections
associated with track NT

2.3.7 Subroutine TIMCON

Subroutine TIMCON is called by subroutine SORT. Its primary function is to act as a
rudimentary contact selector; i.e., it decides which of the many detections should be
selected for transmission over the communications link. This is accomplished by dividing
time into 1-s intervals and defining five intervals as a time slot. When a target is detected, a
flag (ISLOT) that identifies the associated track, the platform, and the time interval is
changed from zero to one. When additional detections are considered, the time interval flags
are examined. If a previous associated detection has been transmitted in the current time
interval or in the four previous time intervals (which totals one time slot), then the detec-
tion is rejected. For those detections selected for transmission, the LNKSTO file is loaded
with the detection number, the detecting platform's number, the detecting radar's number,
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the MPT number of the associated track, and the updating platform's number. The
LNKSTO file is used in the updating process to identify the detections that are candidates
for updating a specified track.

This first-come-first-served type of selector is obviously not the optimum contact
selector. Other selectors are being considered and will be installed in the future. A flowchart
of the process and a list of Fortran variables are found in Fig. 2.15 and Table 2.17
respectively.

Fig. 2.15 - Subroutine TIMCON
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Table 2.17 - Variables in TIMCON

Fortran Description
Variable

IDETNO Number of the detection under consideration

MT Number of the MPT track associated with IDETNO
KS Platform responsible for updating track MT
ISIR Platform and radar making detection IDETNO
ISEC Sector containing track MT
SDIST Statistical distance between MT and IDETNO
FULLNK Counter that keeps track of the number of detections in

LNKSTO file

TMS(ID,IR,IS) Detection time of detection ID, from radar IR on
platform IS

TMRK(ISEC,IR,IS) Sector-crossing time at sector ISEC
ITIME Detection time truncated to an integer
MOD60 ITIME modulo 60 s

ISLOT(MT,KS,I) Time slot I for track MT from platform KS

LNKFSX Pointing device for accessing LNKSTO file
LNKID(LOC) Linking device that links locations in LNKSTO

LNKSTO(LOC,I) Linked file containing identification information on
associated detections that are being sent over the link

I = 1; detection number
= 2; detecting platform's number
= 3; detecting radar's number
= 4; MPT number of associated track
= 5; updating platform's number

2.3.8 Subroutine LNKDET

Subroutine LNKDET is called by the MULSIM executive routine. Its primary purpose
is to chronologically order the detections associated with the tracks in the sector track file
designated by the sector/platform in the calling sequence. This includes detections made by
the updating platform and those provided by other platforms via the communications link.

LNKDET first interrogates the LNKSTO file, which contains all of the detections
transmitted over the link in the last 30 s. Those detections associated with tracks from the
updating platform (regardless of which sector the track may be in) are selected and stored
in the TESTO linked file, which, for each track, contains the detection numbers, the detect-
ing platforms, and the detecting radars corresponding to those detections associated with
the track that have not yet been used to update the track. After storing the detections in the
TESTO files, the locations that housed the detections in the LNKSTO file are vacated.

47



GRINDLAY

The next step in the process is to consider each track in the sector designated in the
calling sequence. The detections associated with each track are called up from the TESTO
file and their locations in TESTO are placed in the ILOC sequential file according to their
times of detection. The location of the detection with the oldest detection time is placed at
the top of the file, i.e., ILOC(1). The locations in the TESTO file are vacated in the
UPDATE subroutine only after the detections are used in the updating process.

The ordered sequential file (ILOC) is presented to UPDATE for the updating proce-
dure. This process is repeated until all tracks in the designated sector have been considered,
whereupon control is returned to the MULSIM executive routine. Table 2.18 defines
variables used in LNKDET; Fig. 2.16 shows the flowchart for the subroutine.

Table 2.18 - Variables in LNKDET

Fortran
Variable

ISHIP, ISEC, IRAD

DUMSX(ISEC,ISHIP)

LNKFSX

LNKSTO

DUMST(KS,MS,IS)

TRAN(ID,IR,IS)

TMRK(ISEC,IR,IS)

TMS(ID,IR,IS

TLAST(NT,IS)

TESTO(LOCC,I)

FILFX(NT ,ISHIP)

FILID(LOC)

PTFST(NT,IS)

Description
i

Platform, sector, and radar to be considered for updating
process

Number of the last track to be placed in platform
ISHIP's dummy track file

Location of last associated detection to be placed in
LNKSTO file

See Table 2.17.

Number of the track platform IS's sector track files that
corresponds to track MS from platform KS's MPT files

Time at which platform IS transmitted data on detection
ID

Sector-crossing time for sector ISEC, radar IR on
platform IS

Time at which platform IS detected detection ID with
radar IR

Time at which track NT from platform IS's dummy track
file was last updated

See Table 2.16.

See Table 2.16.

See Table 2.16.

Number of the platform responsible for updating track
NT from platform IS's dummy track file
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Table 2.18 (Concluded) - Variables in LNKDET

Variable Description

TRKST(NT,IS) Number of the MPT corresponding to dummy track NT

MPFLAG(MT,KS) Indicator - MPFLAG = 0 indicates that track MT is not a
participating platform, otherwise MPFLAG is assigned a
value equal to the target number corresponding to the
platform

DUMID(NT,IS) Number of the track that was placed in platform IS's
dummy track file prior to track NT

2.3.9 Subroutine UPDATE

Subroutine UPDATE is called by subroutine LNKDET to carry out the updating
process for NT, a designated track. There are two separate paths through UPDATE. One
path is followed when NT is a participating platform with position updates coming from
NAVSTAR or JTIDS, and the other is followed when a target is being tracked from radar
measurements.

For those tracks that are of participating platforms, an attempt is made to emulate the
operation of a system that includes NAVSTAR or JTIDS. Updates to participating plat-
forms are made every 2 s and, to allow for time lags in the system, to within 1 s of current
time. Once it has been determined that an update has not been made within the last 2 s, a
call is made to SHPGEN and SCOORD to determine the platform's position at current time
less 1 s. Because of the relative accuracy of JTIDS and NAVSTAR, the true stabilized coor-
dinates are used as measurements, and the measurement covariance matrix is arbitrarily set
with diagonal elements of 100 m2 and off-diagonal elements of 0.1 m2. This information is
presented to KALMAN for the platform updating.

For those tracks that are not of participating platforms, the first step in the process is
to examine the list of associated detections in the TESTO file. To allow for delays in proc-
essing, the subroutine considers only those detections that were made before TIMUP.
TIMUP is equal to current time less some appropriate delay (TIMLAG). The detections are
selected chronologically from the TESTO file (oldest first). The corresponding noisy
measurements are called up from the XYZMS file and if the detecting platform is not the
updating platform, the measurements are transformed to the updating platform's stabilized
coordinate system by the TRANSF subroutine. This transformation is also carried out for
the true position coordinates, and the measurement covariance matrix is transformed by the
COVLNK subroutine. The measurements, together with the time from the last update, are
presented to KALMAN, which determines the new smoothed position for the track. After
the last detection is considered, the smoothed state vector, the smoothed covariance matrix,
and the predicted covariance matrix are stored in arrays for the next call to update.
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Fig. 2.16 - Subroutine LNKDET
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Fig. 2.16 (Concluded) - Subroutine LNKDET
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This completes the updating process for track NT, and control is returned to the
LNKDET subroutine. A flowchart of the process and a list of Fortran variables are found in
Fig. 2.17 and Table 2.19, respectively.

Enter with track no.,
sector, radar, platform,
and track type I

Is this track
a part. plat-
form?

Load state vector
and covariance matrix
for KALMAN

Is detection time
> TIMUP?

Call up measurements

DO 551 = 1, N
XS (II = XSMO 1I, MT, ISHIP)

DO 55 L = 1, N
PS (1, L) = COVSMO (1, L, MT, ISHIP)

55

J = 1

10

ID - TESTO (ILOC (JI, 1)
IS = TESTO (ILOC IJI, 2)
IR = TESTO (ILOC 0), 3)
IT = IDTA (ID, IR, IS)

20

X - XYZMS (ID, 1, IR, IS)
Y -- SYZMS (ID, 2, IR, IS)
Z - XYZMS (ID, 3, IR, IS)

Fig. 2.17 - Subroutine UPDATE
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Is detecting platform
tracking platform?

Get noisy stab coordinates
w.r.t. tracking platform

Get true stab coordinates
w.r.t. tracking platform

First pass for MT

Fig. 2.17 (Continued) - Subroutine UPDATE
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Participating platform?

L:

Are there no more detections
to be considered?

DO 35 1 = 1, N
XSMO 11, MT, ISHIP) = XS (I)

DO 35 J = 1, N
COVSMO (1, J, MT, ISHIP) - PS (1, J)
PRECOV (1, J, MT, ISHIP) = PP (1, J)

35

R R

Fig. 2.17 (Continued) - Subroutine UPDATE
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Z = RG (K, J)ISIN (EL (K, J.)

Fig. 2.17 (Concluded) - Subroutine UPDATE
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Table 2.19 - Variables in UPDATE

Fortran
Variable

NT

ISEC, IRAD, ISHIP

K

TRKST(I,J)

TMRK(I,J,K)

TIMLAG

TIMUP

XS(I)

PS(I,L)

TESTO(ILOC(J) ,K)

IDTA(ID ,IR,IS)

XYZMS(ID,J,IR,IS)

TLAST(NT,ISHIP)

XYZTRU(ID,J,IR,IS)

XSMP(I,MT,IS)

TMS(ID,IR,IS)

MPFLAG

IFIRST(MT,IS)

RG(I,J) ,AZ(I,J)
EL(I,J)

COVM(I,J)

COVSMO(I,J,MT,IS)

PRECOV(I,J,MT,IS)

Description

Track number of updating candidate.

Sector containing NT, the radar that detected NT, and
the detecting platform

Indicator K = 999 indicates that NT is a participating
platform; if K 7 999, then K equals the number of detec-
tions that have been associated with NT.

File that contains the MPT track number of dummy track
I from platform J's dummy track file

Time at which radar J on platform K crosses sector I

Time lag to allow for processing/transmission delays

Current time less TIMLAG. Track NT will be updated to
TIMUP but not beyond.
Smoothed state vector

Smoothed covariance matrix

See Table 2.16.

File containing target number of detection ID
from radar IR on platform IS

Measurement coordinates of detection ID in platform IS's
stabilized coordinate system

Time of last update for track NT
True position coordinates of detection ID in platform
IS's stabilized coordinate system

Smoothed state vector of track MT from platform IS's
MPT file

Time at which detection ID was detected by radar IR on
platform IS

See Table 2.18.

Counter that records the number of calls to UPDATE for
track MT

Range, azimuth, and elevation of target I with respect to
platform J in platform J's stabilized coordinate system
Measurement covariance matrix

Error covariance for track MT

Predicted covariance for track MT
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3.0 SUMMARY AND RESULTS

A computer simulation has been developed that will serve as a foundation for future
software development and at the same time allow the user to demonstrate the advantages
and limitations inherent in a multiple platform sensor integration system.

Some preliminary results have been generated through the use of a simplified scenario
used in program development (see Fig. 3.1). In the scenario three ships are moving due east
near the equator. They are separated by 10 in latitude (60 n.mi.) or longitude, and a single
target is approaching from the east at 1000 m/s. Each ship has a single radar. The measure-
ment accuracies of all three radars are modeled by assuming standard deviations of 100 m
on the range measurement, 0.5° in the azimuth measurement, and 10 in the elevation
measurement. The radar on ship 1 has a 4-s scan rate and the radars on ships 2 and 3 are
scanning at a 6-s rate.

SHIP 2 SHIP 3

60n. mi.

I _

1,000m/s,

SHIP 1
60 n. mi.

Fig. 3.1 - Simplified scenario (initial positions)

An example of a single ship's tracking capability over a 100-s time interval is shown in
Fig. 3.2. In this case the measured and smoothed y coordinate of the target as determined
by ship 1 is presented. Since the y measurement as determined by ship 1 is essentially an
angular measurement, it does not have the accuracy associated with a range measurement;
consequently the measurement tends to be quite noisy.

When measurements from ship 2 are combined with measurements from ship 1 to pro-
duce the smoothed y position, there is significant improvement in the system's tracking
accuracy, as shown in Fig. 3.3.

57



GRINDLAY

CD
CD

SMOOTHED TRACK

CD

U,

x~~~~~~
~CDJ

1x, 0 203 50 4 5 0 93 0 100 110 120 )(130 114 0 1 150
LL ~~~~~~~~~~*TIME (SEC)

J X

U, z~~~~~~~~~~~~~~~~~

<I 

CD -Y

MEASUREMENTS
J **SHIP I

Ad ~~~~~~X
SHIP I TARGET

Fig. 3.2 - One-ship system; track of target's y coordinate

The improvement is less pronounced when ship 3 makes its contribution. However, it
should be noted that initially the y coordinate as determined by ship 3 is essentially a range
measurement that is very accurate. This is apparent in Fig. 3.4 as evidenced by the large
number of detections from ship 3, which initially lie close to the true position. These
accurate detections, together with the increased data rate, enable the 3-ship system to
produce a highly accurate track in a relatively short time. The accuracy of ship 3's
y measurement decreases with time, whereas that of ship 2's improves as the target
approaches ship 1.

Results have also been generated with a rudimentary contact selector that rejects track
measurements when a previous measurement has been made within some designated time
slot. Time slots of 3 and 5 s have been used with a 3-ship system to generate the results
shown in Figs. 3.5 and 3.6. The results are encouraging. The 3-s time slot, with a 25%
reduction in the number of detections, shows little degradation of track quality, and the 5-s
time slot with a 43% reduction gives track quality comparable to that of a 2-ship system
with no contact selector.
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Fig. 3.3 - Two-ship system; track of target's y coordinate
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Fig. 3.4 - Three-ship system; no contact selector. Track of target's y coordinate

60

203

at
E

0
b-

U]
C)z

03

0 X

0



NRL REPORT 8358

CDCD
CD-
N'

+ t c rSMOOTHED
0 / TRACK

-- I -I.,+ fV 10 - 20 -'-S-'40 50 io o0
v + +G X x

70 t13 F. - 90 o 13--10
X TIME (SEC)

12 - 150
t

x

x x

MEASUREMENTS
* SHIP I
+ SHIP 2
o SHIP 3

!! ~ - - X

SHIP I TARGET

Fig. 3.5 - Three-ship system with 3-s time slot; track of target's y coordinate
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0 Vo -

z~~~~~~~~~~~~

CD-

MEASUREMENTS
* SHIP I
+ SHIP 2 SHIP 2 SHIP 3
0 SHIP 3

SHIP I TARGET

Fig. 3.6 - Three-ship system with 5-s time slot; track of target's y coordinate
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Appendix

PROGRAM LISTINGS

SOURCE LISTING

STATEMENT

PROGRAM MAIN
CNMoN/PLMT/IPLT(lono)Xyl(tooo),yyYCiooO),NPYYN(tooo)IYI1stooo)
CMMQN/MODULO/ISLOT 2O,5,60),IKEY(3),I MD20,IMMD6O
CHOMMN/RADNEX/SECTIM(3,5),TIMNEX(3,5),NEXSEC(3,5),NRC5),NSNT
COM41N/NEh42A(20,20),RG(20,20),ELC20o20)
COMMON/OATEUP/NUVTRGNLMSHP
COMMCN/SECTOR/KSEC(64,5)
CALL RSSTCP
CALL PLOTS(IPLT,1000,0.55)
NP z I
PRINT 300

300 FERMAT(/,15X,ITTPFI,7X,uI. D.t,1qeIY',12XtYIt121,lz',1lxVlx,
liiXo@VYIllXplV2I,7X,IPLATFORI
TINE * 0.
KNIT I 1
CALL INITAL
NUMSHP * NS
NUPTRG : NT
NTS : NT+NS

10 CONTINUE
CALL TRKGEN(TIMENT)
CALL SHPGFN(TIMFNS)
CALL MOTIMN(TIMENS)
DO 20 JElNS
CALL SCMORD(NTNSoJ)
CALL TCCORD(NTJ)
CALL STAe1(NT,NS,J)

20 CONTINUE
CALL LOAD(KNIT,TIME)
IF(KNIT.EC.2) GO TM 30
KNIT 2
TIME I 1
GO TO 10

30 CONTINUE
CALL NEXRAD(IRISHIPISECTIHE)
IF(KSEC(ISECISHIP).NE.0) GM TO 32
IF(kSEC(ISECl1,ISHIP).NE.0) GO TO 32
IF(KSEC(ISEC+1,ISHIP).NF.0) GO TO 32
IF(KSEC(ISEC-2,ISHIP).NE.0) GO TO 32
IFKSEC(tISEC+2,TSHTP).NF.0) GO TO 32
GO TO 38

32 CONTINUE
DO 35 11,#6
KSFC(ITISHIP) = 0

35 CINTINUE
CALL TRKGEN(TIflENT)
CALL SHPGFN(TIMFNS)
CALL MOTION(TI4ENS)
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MAIN

CSN

0048 CALL SCOORD(NT1 NSISHIP)
0049 CALL TCOeRD(NTISHIP)
0050 CALL DETFIL(IRtISHIPTSECrNTtNS)
0051 CALL STARI(NT,NSISHIP)
0052 CALL N8ISY(lR,ISHIP,lSEC)
0053 IF(TIME.LE. 1.1) GO TO 30
oos4 38 CONTINUE
0055 ISEC a ISEC-1
oos6 IF(ISEC.EQ.o) ISEC6te
0057 CALL PREDIC(ISECIRISIsIP)
oose ISEC a ISEC-1
0059 IF(ISEC.EQ.0) ISEC=6U
0060 CALL CORRASCISHTPISECIR)
0061 CALL SMRT(ISEC,ISMI~P,IR)
0062 ITIM : TIME
00e3 M4D20 a HMD(ITIIIMoD20)
006oe F(MtD20.NE.0) Ge TO 60
0065 MOD60 a lmD(TTIIMD60)
006& IDEM : (MOD60,20) + 1
0067 IF(IKFY(IDEm).NFE.o) GO TO 60
0068 K : MID60+ 20
0069 J * MOD60+1
0070 DO 55 IxJK
0071 ro 55 Is:1,s
0072. D? 55 MT;1,20
0073 ISLOT(mT,TSI) * r

0074 55 CeNTIN'UE
0075 IKEY(IOEP) t
0076 IDEM s IDE4+1
0077 IF(IDEM.EG.4) InEM2:
0078 IKEY(IDEM) 0 0
0079 60 CONTINUE
0080 CALL LNKDET(ISHIPoISEC.ItR
0081 IF(TIME.LT.150.) GI TO 70

0082 NP a NP-1
0083 RETURN
00o4 END
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CSN

0001 SUSROUTINE INTTAL
0002 CeMtq/LOCNEt!/LASTOFULSTOLSTO(256) ,NFXSTOKJ
0003 CMMMON/lJP4ATE/ILOC (20) ,TIMLAG, ESTIo(512, 3) , TLAST(256,5)
oao4 COMMON/TAG/ITAG(20,3,5,64)
0005 COMMON/CMVI/ SIGAZD(20,2) ,SIGELDt(20,2),RHMD(20,2)
0006 ClmMMN/STATICN t9) ,NZt3)
0007 CnMMOfJ/KAL4/IFIRSrT2op5)pDIlmloT2,nTM3
0008 CQMmON/MPT/,ROPP (5),MPTNo(5),FULLm(5),LISTM(5,20),

INEXTM(5) LASTM(5)
OO9 CcoMm$N/LOCDET/LASDETFLL0ETLIST)ET(256) ,,EXDET
0010 COMMON/LOAD/XSAV(3,2?,3),AZINT(3,S5),PVFL(3,5),RNGDIH(5,3)
0011 CIMYoN/DuM/DRePO(s),DuPN~5),FULLD5),LIsTD(5#512),hExTDt5)o

ILASTD (5)
0012 COMMfN/CORASXDEETSX(256)t,,ISTOR(56),DETID(512)
0013 COMMnN/SORT/FTLFXt(2$6,5),FILID(512)
OQ14 COMMON/RADNEXiSECTIB(3,5),TlP'NEXt3,5),NEXSEC(3,5),NR S),NS,NT
0015 COMMON/PAR3/TTLAT(20),TILMG(20),TI>lT(2f),TTV(20) ,TIHO(2O)
0016 CnuMtMN/PAR/SILAT(20),SILOG(20),SIHT(20) ,SVC20)oSIHnf20)
0017 CIMMN/PAR/ RMAG(20)pPHAG(2n),#OR(20) ,R P(20)
Q0I0 COIMONPAR7/ RILL(20),PITCH(20),RPHASE(20),PPHASE(20)
0019 COMHoN/LoCLNK/LASLNKFULLNKLISLNk((20),NEXLNK
a020 CIMMMN/KALI/ PHI(20,20).G(20,20)RH(20,20)
0021 CMMMoN/MoDULo/ISLoT(2nS,60), IKEY(3),TMr2olmMoD60
0022 CMMefN/RANnUM/lRAN(20,5)
0023 DIMENSIMN TVEL(2S6),SVEL(5)
0024 REAL NN2
002S INTEGER FILrD.FILFX.FULL',0ROMPFULL0,DROPDDVI",DIM2,DP'3,FULLNK
0026 INTEGER DETSXDETIDFULSTM
0027 CALL SETVR((7)
002e KJ z 0
0029 RAO5.017453?9252
003Q DIMI a 3
0031 DIM2 6 h
0032 DIM3 5 0
0033 TIMLAG * 2
QQ34 L4SOET F 256
on35 NEXOET : 1
0036 RNGDIM(lol) 5 10000.
0037 RNGDIM(2,1) 5 10000.
0036 N(l) a 15.
0039 N(2) = 15.
MIDl N(3) A 20.

0041 NU4) a 100.
0Q42 N(S) 2 1.
0043 N(6) 5 .5
0044 NM7) a 15.
0045 N(8) * 15.
QoA N(91 5 20.
00a7 N4(1) 5 100.
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0048 N2(2) 9 1.
0049 N2(3) 2 ,5
0050 N(5) 5 N(S)*RAD
0051 Nh6) * N(6)*RAD
0052 N2t2) a N2(2)*RAD
0053 N2(3) * N2(3)*RAD
0054 SIGAZD(2p1) a 5
0055 SIGELO(2pl) 2 l.o
0056 RHOD(2,I) a loO,
0057 SIGAZD(plt):.5
0058 SIGELDCt,15)1.0
0059 RHD (,l)2100.
0060 DO 10 1:1,255
0061 LISOET(I) : r+.
0062 DETSX(I) : 0
0063 10 CONTINUE
0064 De 20 I:1,256
0065 oM 20 J21,s
0066 FILFXtI.J) I 0
0067 20 CONTINUE
0068 DO 30 1I1,512
0069 FILID(I) * 0
0070 30 CONTINUE
0071 DO 200 I:1,20
0172. DC 200 J4l,5
0073 IRAN(TJ) J+5*(TI-1)
0074 200 CONTINUE
0075 NS a I
0076 NS : 2
0077 NS a 3
Q71e S1GAZiQ(3t1) : ,5
0079 SIGELD(3.1) : 1,0
0080 RHOD(3gi) : loo.
0081 AZINT(t,3) : 270,
0082 RVEL(t13) * 90
0(83 SILAT(3) *1
Q~eq 1ILMG (.31 1,
0085 SIHT(3) u .
0086 SIHDt31: 9go
0087 SVEL(3) * 10.
0088 RNGDIM(3,1) 5 10000.
0089 NR(3) * 1
009Q NT. a IL
0091 NR(1) 5 1
0092 NR(2) ' 1
0093 AZINT(t,2) : 90.
0094' AZLNT(1,i) 0
0095 RVEL(111) * 90.
aa9.6 RVELCt,2) -S 60.
0097 DO 40 Jml,NS
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OQ98 K a NR(J)
0099 DO ao Ial,K
0100 SECTIMCI#J) : 5.625/RVEL(T,J)
0101 40 CONTINUE
0102 SILATtlD.
0103 SILOG z)uO.
0104 S1HT(l)v0.
0105 SIHD(l)290.
0106 TILAT(l) m 0.1
0107 TILAT(1):0.
0106 TILOG(1)mt.
0109 TIHTtlTz2000.
0110 TIHD(1)P-90.
0111 SILAT(2)ul.
0112 SILOGM2):0.
0113 SIHT(2)*O.
011O SIHD(2)u9o.
0115 TVEL(l)=300.
0116 TVEL(11=900.
0117 TVEL1) 1000.
0118 SVEL(l=1)o.
0119 SVEL(2):10.
0120 ER*6378388.
0121 PR:6359911.
0122 9t x ER*ER
0123 02:PR*PR
0124 DO 5O IslNT
0125 SIzSIN(TILAT(TI)*RA0)
0126 COPCIS(TILAT(I)*RAD)
0127 PHOTuSGRT(G1*02/(G1*SI*SI+02*C*CM))
0128 RHOT:RHOT+TIHTCI)
0129 TIV(I):(TVEL(I)jRHOT)/RAD
0130 50 CONTINUE
0131 DO 60 I:1,NS
0132 SISIN(SILATCt)*RAD)
0133 COxCnS(SILAT(I)*PAn)
0134 PHISuSCRT(O1*Q2/cC1*SIASI+Q2*C!*CO))
0135 RHOSzRHOS*SIHT(TI)
0136 SIV(I)'(SVEL(Ib)RHOS)/RAD
0137 60 CONTINUE

C MITION PiPUTS
0138 RMAG(1O.-
0139 PmAGtl)=O.
0'40 WeOR(l)o.
Q141 WOP(1)QO.
01t2 RPHASE(1):o.
0143 PPHASE(l):o.
0144 RMAG(2)zO.
0145 PmAG(2)u0.
0146 wOR(2)30.
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c--

r-r
INITAL

CSN

WQP(2);0.
RPHASE(2)20.
PPHASE(2).0.

C "PTFIL AND DUMFIL INITIALIZATIRN
o0 70 Ix1t5
LASTM(I) :20
DROPM(I) :1
FULLH(I) 2 t9
LASTM(I) a 20
NEXTMtI) Ml
DO 70 J91019
LISTM(IoJ) * J+l

7.o CONTINUE
DO 80 It1l5
DROPDOI) t I
LASTD(I) : 512
FULLD(I) a 511
NEXTD(I) * I
00 do Jp1.511
LISTD(IJ) a J+1

8o CONTINUE
FULLNK a 19
LASLNK s 20
NEXLNK a I
DO 90 I;tlaq
LISLNK(l) * 1+1

90 CONTINUE
De 110 I:1,DIM2
DO 110 JPIDIMI
G(IJ) t 

H. *Jo I-) 
110 CONTINUE

1H(1.1) * 1.
H(2,3) * 1
H(3,5 : t
IMOD20 S 20
IMOD60 3 610
DO 120 1:1,20
DM 120 J21,S
DO 120 Klo60
ISLOT(IJK) * 0

120 CONTINUE

DO 130 IJR1,3
De 130 ISuI,5
DO 130 ISEC:1,64
ITAG(ITIRIS#ISEC) : 0

l30 CONTINUE
REKEST-0 3 1
FULSTO X 255
LASTD a 256
De 140 1:',255
.LISTOCI) vI+

140 CONTINUE
RETURN
END
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0147
0148
0149

0150
0151
0152
o153
0154
0155
0156
0157
0 158olss
0159
01607

0162
0163
0164
0165
0166
0167
016 8
0169
0 1 70.

0 172

0 175

.Qlet!

.01 7 

0177

0178
0179

0180
0171
0175a
olst

0183
018 '
Ql8q

0185
01806
0 18 7
.0-18 a
0189
019fl
0191

0193

0 1953

olqS

01 9-6
019 7
0 19Q
0199
0200
0201



GRINDLAY

CSN

000o SUPPOUTINE LOAD(KNITTIME)
0002 CfPlMON/KAL2/ PS(20,2o) ,PP(20,20),COVS(20,20),COVM(20,20),XP(20)
0003 COMMON/LOAD/XSAV(3,20,3),AZINT(3,5),RVEL(3,5),RNGOIH(5,3)
0004 CMHMeON/RA0NEX/SFCTIt(3,s) TIMNEX(3,5) NEXsFC(3o5),NR(s) NSNT
0005 COMM0N/MPT/DROPY (5) ,mPTNO(5) ,FULLM(5) ,LISTM(5,20o)

INEXTV(S) LASTM(S)
0006 COMMON/UPDATE/ILOC(20),TIMLAGTESTO(5l2.3),TLAST(256,s)
0007 CHONmmm/LTNK/LNKFSX,LNKSTO(20,5) ,DUmST(5,20,5),TRKST(20,20),PTFST(2

10,20),LNKID(20),TIMLNK(20,5),RmLLNK(20,5),PITLNK(20,5),SIDLNK(20,5
2),XSMO(20,20,5s),COvSMH o0,l0,20,5),PRFCOV(10,o0,20,s),MPFLAG(20,5)

0008 CMOMN/DuISFC/ODMSx(64,5) DUHID(512,5)
0009 COMMON/DUM/OROPDC5) ,DUHNO(S),FIILLD(5),LISTD(5,512),NEXTP(5),

1LASTD (5)
0010 C!MMON/NEW/AZ(200,) ,RG(20,20),EL(20,20)
0011 CnHOMN/LODE/NUMTAR
0012 INTEGER UUMSX,DUmYr ,FIJLLD,0RePD,0UMNOPTFSTTRSTDROPMDUMST
0013 NTS a NT+NS
0014 Do 100 J=1,NTS
0015 DO 100 K21,NS
0016 IF(KNIT.EQ.2) GO TO JO
0017 IF((J-N1T).EQK) Go TO 100
0018 XSAV(I,J,K) a RG(JK)*STN(AZ(J,K)) * COS(EL(JK))
oot9 XSAVt2,J,K) : RG(JK)*COS(AZ(JK)) * COS(EL(JK))
0020 XSAV(3,J,K) : RG(J,X)*SIN(EL(JK))
0021 GO TO 100
0022 40 CMNTINUE
0023 IF((J-NT).Eg.k) GO TO loo
0024 JSEC a AZ(JK)*10.1859l6
0025 ISEC a JSEC + I
0026 DROPD(K) 2 1
0027 CALL DUMFIL(K)
0028 CALL DLJMNEW(DUMNo(K),ISECK)
0029 IF(K.E0.1) GO TO 45
0030 IFttJ.NT).NE.1 .OR.K.NE.2) GO TO So
003' 45 CONTINUE
0032 DROPM(K) a 1
0033 CALL MPTFIL(K)
0034 TRKST(cOUMN(K),K) * MPTNO(K)
0035 PTFST(DUMNO(K),K) : K
0036 DUMST(KoMPTNO(K),K) * DUMNO0tI
0037 XSMO(1,mPTNO(K),K) * RG(JK)*SIN(AZ(J,K)) * COSCEL(JK))
0038 XSMO(3,tPTNO(K),K) P RG(J,K)*C4S(AZ(JK)) * COS(EL(JK))
0039 XSMO(5,HPTNo(K),K) x RG(J,K)*SIN(EL(JK))
0040 XsMe(2,MPTNo(K),K) = (xSmO(1 mPTNO(K),K).XSAV(1,JK))/TIME
0041 YSml4?,MPTNO(K),K) * (XSMo(3,MPTNO(I) K)-XSAV(2,JK) )TIME
0042 xS'MO(bMP.t-l(IK)r,) 9 (Ys)tsPTNd(K~rK.-XdAVt3,JrN))sTIME
0043 TLAST(DUHNf(K),K) a .
0044 TIMLNK(MPTNO(K),K) a 1

C INITIALIZE CIVARIANCE FOR FILTER
0045 IRD *1
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IDT o 0
CALL STAF2(J#KPTRD)
NUMTAR a J
CALL COVOIN(IRDKIDTDUMNO(K) ,SDISEC)
COVSMO(I,1,MPTNO(K),K) * CMVtM1,l)
C0VSMO(3,3,mPTN6VK)oK) U CMVM(2,2)
CnVSMo(5,5,MPTN(IK),K) : COVM(3,3)
CMVSMO(I,3,MPTNO(W),K) * COVM(1,2)
CMVSMM(3,IMPTNfI(K),K) : COVMl .2)

CMVSMO(1,5,MPTNn(w),K) a COVVmt#,3)
COVSM0(5,1 ,MPTNe(K),K) a COVM(1,3)
COVSM~(3,S,MPTN6(K),K) * COVM(2,3)
COVSMM(5,3,MPTNPtK) ,K) : CeVM(2,3)
1APFLAG(MPTNO(K),K) a 0
IF(J.GT.NT) MPFLAG(MPTNM(K)#K) : J

C MPFLAG NE ZERO INDINICATES PARTICIPATING PLATFIRM
GO TO 100

50 CONTINUE
TLASTtOUJPKM(ZK) : 1.

IF(K.GT,2 *AND. (J-NT).EG.1) GO TO S5
TRKST(DUMNM(K),K) = MPTNO(l)
PTFSTCDUPNI(K),K) a I
0UmST(loHPTN!(j),K) = OUM'Ne(K)
GO TO 100

55 CMNTINUE
TRKST(DUfrN(K),K) : PmPTNO(2)
PTFST(CLUNO(K),K) : ?
nlJMST(2,MPTNM(2),K) a ClIMNM(K)

100 CMNTINUE
D0 60 JzI,NS
K z NR(J)
Di 60 TxIK
AZRAD 2 AZINT(I,J) + TIME*RVFL(IJ)
NFXSEC(rJ) : AZRAD/5.625
RSEC : NEXSEC(IJ) + 1.
AZTO : (PSEr*5.625) - AZRAn
TIVNEX(I,J) * AZTm/PVEL(I,J)+TIME
NFXSEC(IJ) * NEXSFC(I,J) t I
IF(NFXSEC(IJ).GT.64) NFXSEC(I,J) a NEXSEC(I,J)-64

60 CONTINUE
RETURN
FNn

71

LOAD

CSb

0046
0047
0048
0049
0050
0051
0052
0053
C054
1055
0056
0057

)0 58
0059
0060
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CSN

0001 SUPROUTINE NEXRAD(IRTISoISECvTIME)
Ca****,*********************** *******************************~***********
C SURROUTINE NEXRAD DETERMINES WHICH RAnAR WTLL NEXT MAKE A SECTOR CROSS.
C ING. ITS OUTPUT IDENTIFIES THE RADAR,THE SPIP, AND THE SECTOR. THE TIME
C OF THE SECTOR CROSSING IS ALSO GIVEN.

C************************************************ A***t A*** k****

0002 COMMOMNDETECT/XYZMS(20,3,3,5),TMS(20,3,5),COVMS(20,3,3,3,9),
ILST8IN(64'100,3,5),XS(20),TMRK(64,3,5),TPATG(2O),LNKF3lNl(2r,3,5)

0003 CeMMON/RADNEX/SECTIM(3#51 ,TItNExF(3,5)NEXSFC(3,5),NR(5),NS,NT
0004 10 CONTINUE
0005 K(1
0006 Lai
0007 SAVTIM a 100000.
0008 DO 20 J=1,NS
0009 JNR 2 NR(J)
0010 DO 20 I:l,JNR

C CHECK TO SEE IF TIME OF NEXT SECTOR CROSSING FOR THIS RADAR IS GREATER
C THAN SAVTIM.

0011 IF(TIMNEX(IJ).GT.SAVTIM) GO TM 20
0012 K m I
0013 L a J
0014 SAVTIM : TIMNEX(IJ)
0015 20 CONTINUE
0016 ISEC = NEXSECCKL)
0 01 IR a K
0018 IS : L
0019 NEXSEC(KL) J NEXSEC(K,L)+1
0OO2 IF(NEXSEC(KL).LT.65) GO TO 30
0021 NEXSEC(KL) : 1
0022 30 CONTINUE
0023 TMRK(ISECoKL) s TIMNEX(KL)
0024 TIMNEX(KL) a TIMNEX(KL) + SECTIM1K,L)
0025 IF(TMRK(ISECKL).LT.TIME) GO TO 10
0026 TIME m SAVTIM
0027 RETIJRN
0028 END

CSN

0001 SIJBROUTINE MOTION(TIMENS)
0002 COMMON/PAR7/ ROLL(20),PITCH(20),RPHASE(2n),PPHASE(20)
0003 COMMON/PAR8/ RMAG(20),PHAG(20)3,WMR(20),JWMP(20)
0004 RAD:,01745329252
0005 DO 100 I:1,NS
0006 ARGUCOS((MORCI)*TIFE+RPPASE(I))*RAD)
0007 ROLL(I)zRMAG(I)*ARG
0008 ARG:COS((JOP(I)*TIME*PPHASE(I))*PAD)
0009 PITCHtI)=PMAGCI)*ARG
0010 100 CONTINUE
0011 RETURN
0012 END
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CSN

0001 SIJ8ROUTINE SHPGEN(TIMENS)
0002 COHMON/PAR2/SLAT(20),SLMG(20),SHT(?o),SHD(20)
0003 COMMON/PAR4/SILAT(20),STLeG(20),SIHT(2o),SIv(?O)),SIIT~20)
0004 RAD:.01745329252
0005 DO 500 IzlNS
0006 CuSIV(I)*TIME*PAD
0007 XPXO,
0008 YPoSIN(C)
0009 zPzCns(c)
0010 XIcYp*SIN(SIHD(I)*RAD)
0011 YIzYP*COSSIHD(tI)*RAD)
0012 ZitZP
0013 CLAUCOS(SILAT(I)*RAD)
0014 SLAoSIN(SILAT(I)*RAD)
0015 CLOuCOS(SILOG(I)*RAD)
0016 SLO;SIN(SILOG(I)*RAD)
0017 xGzCLI*XI.SLA*SLM*Yl4CLA*SLO*Zt
0018 YG=CLA*Y1+SLA*Zl
0019 ZGz-SLO*Xt-SLA*CLM*YI+CLA*CLO*ZI
0020 RexXG*XG+ZG*ZG
0021 Rt=SQRT(Ro)
o022 IF(R1-.000001) 310,340,340
0023 310 IF(YG) 320,330,330
0024 320 SLAT(I)-90.
0025 Ge TO 350
0026 330 SLAT(I)290.
0027 Ge TO 350
0028 340 SLAT(I)MATAN2(YGRl)/RAD
0029 350 AZGUABSCZG)
0030 IF(AZG.000001) 360,390.390
0031 360 IFCXG) 370,38o,380
0032 370 SLOG(I):-90.
0033 GO TO 400
0034 3eO SLOG(I)a90.
0035 GO TO 400
0036 39Q SL0G(UxATAN2(XGZG)/RAD
0037 400 CONTINUE
0038 SHT(I)SIHT(I)
0039 XPuI,
0040 Ypo.
0041 ZPao.
0042 AINTABAS(SIHD(I)).180.
0043 IF(AINT-.000001) 402,403,403
0044 402 AINT:S10.
0045 403 AINTNSIHD(I)
0046 X1NXP*COS(AINT*RAD)
0047 Ytx.XP*SIN(AINT*RAD)
Q048 ZtaZP
0049 CLAXCOS(SILAT(I)*RAD)
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0050 SLAxSINCSILATfI)*RAD)
0051 CLOsCOS(SIL6G(I)*RAD)
0052 SLO*SINCSILeG(I)*RAD)
0053 XG2zCLO*Xl.SLA*SLe*YlCLA*SLI*ZI
0054 YG28CLA*YI+SLA*ZI
0055 ZG2*-SLe*XI-SLA*CLO*YI+CLA*CLO*ZI
0056 CL0UCDS(SLOG(I)*RAD)
0057 SLeOSIN(SL6G(I)*RAD)
0058 XGlmCLC
0059 ZGtz-SL6
0060 ARGnXGL*XG2,ZGI*ZG2
0061 IF(ARG-1.) 420,410,410
0062 410 ARGII.
0063 420 IF(ARG+l,) 430,430,440
0064 430 ARGu-.
0065 440 SHD(I).ACMSCARG)/RAD
0086 IF(AINT) 450,460,460
0067 450 SHD(I):-SHD(I)
0068 460 CONTINUE
0069 IF(SHD(TI)) 470,460,4eo
0070 470 SHDCI)2360.+SHD(I)
0071 480 CONTINUE
0072 500 CONTINUE
0073 RETURN
0074 END
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0001 SUSROUTINE TRKGEN(TIMENT)
0002 COrMMN/PARI/TLATt20),TLMG(20),THT(20),THD(20)
0003 COMMeN/PAR3/TILAT(20),TILOG(20),TIHT(20),TIV(20),TIHD(20)
0004 RADs.01745329252
0005 DO 200 I:l,NT
0006 CaTIVI)*TIME*RAD
0007 XPaO.
0008 YPaSIN(C)
0009 ZPuCOS(C)
0010 XItYP*SIN TIHD(I)*RAD)
0011 YlvYP*COS(TIHCIT)*RAD)
0012. ZIaZP
0013 CLAwCOS(TILAT(I)*RAD)
0014 SLAgSIN(TILAT(I)*RAD)
0015 CLO2CMS(TILeG(I)*PAD)
0016 SLOuSIN(TILeG(I)*RAD)
0017 XGuCLO*XI-SLA*SL6*YI+CLA*SLO*ZI
0018 YGoCLA*YI+SLA*Z1
0019 ZGU.SLM*X1.SLA*CLO*YIClA*CLM*71
0020 ReOXG*XG.ZG*ZG
0021 RlmSQRT(Rn)
0022 IF(Rl-.000001) 10,40,40
0023 1o IFCYG) 20,30,30
0024 20 TLAT(I)-;90.
0025 GO TO 50
0026 30 TLATCI)=90.
0027 Ge TO 50
0028 40 TLAT(I)zATAN2(YGRl)/RAD
0029 50 AZGXABS(ZG)
0030 IF(AZG-.0.00001) 60,90,qO
0031 60 IF(XG) 70,80,80
0032 70 TLOG(I)2-90.
0033 GO TO 100
0034 8o TLOG(I)x90.
0035 GO TO 100
0036 90 TLOG(I)zATAN2(XG,ZG)/PAD
0037 100 CONTINUE
0038 THT(I)xTIHT(I)
0039 XPuI.
0040 YPno.
0041 ZPwO.
0042 AINT;A8S(TIHD(IH)-180.
0043 IFCAINT-.000001) 102,103,103
0044 102 AINTmI80.
0045 103 AINTwTIHDCI)
0046 X1.XP*COS(AINT*RAD)
0047 Ylu-XP*SIN(AINT*RAD)
0048 zIxzP
0049 CLANCOS(TILAT(I)*RAD)
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0050 SLA*SIN(TILAT(I)*RAD)
0051 CLOUC6S(TILOGrI)*RAD)
0052 SLOsSIN(TILOG(I)*RAD)
0053 XG2uCLM*X1.SLA*SLO*Y1,CLA*SLO*Z1
0054 YG22CLA*YI+SLA*ZI
0055 ZG2u-SLO*X1-SLA*CLC*Y1+CLA*CLO*Zt
0056 CLOuCOS(TLCG(I)*RAD)
0057 SLOESIN(TLMG(I)*FAD)
0058 XGlCLO
0059 ZGIE-SLO
0060 ARGaXGI*XG2*ZGI*ZG2
0061 IF(ARG-1.) 120,o1io,11
0062 10tARGaI.
0063 120 IF(ARG+l.) 130,130,1ao
0064 130 ARGO-1.
0065 140 THD(I):ACOS(ARG)/RAD
0066 IF(AINT) 150,160,160
0067 150 THD(I)s-THD(I)
0068. 160 CONTINUE
0069 IF(THD(I)) 170,180,180
0070 170 THD(I)n360.+THD(I)
0071 18o CONTINUE
0072 200 CONTINUE
0073 RETURN
0074 END
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0001 SUBROUTINE SC6RPD(NT,NS,ISHIP)
0002 COMMON/SECTMR/KSEC(64,5)
0003 COMPtMNPAP2/SLAT(PO),SLOG(20),SHT(20),SHD(20)
0004 COMMON/NEw/AZ(20,20),RG(0,20) ,ELt20,2O)
0005 ER=6378308.
0006 PR26359911.
0007 PI a 3.1415Q2654
0008 TOPI * PI*2.
0009 Q1.ER*ER
0010 RADV.017453292S2
0011 Q2:PR*PR
0012 J X ISHIP
0013 SLOP * SIN(SLoG(J)*RAD)
0014 CLOP a COS(SLeG(J)*RAD)
0015 SLAP * SIN(SLAT(J)*RAD)
0016 CLAP a CMS(SLAT(J)*RAD)
0017 RHOS a SGRT(G1*02/(t1*SLAP*SLAP+02*CLAP*CLAP))
0018 RHIS:RHOS+SHTCJ)
0019 DO 200 ImlNS
0020 IFCI.EQ.J) GO TO 200
0021 SIxSIN(SLAT(I)*RAD)
0022 COCOS(SLATfI)*RAD)
0023 RHOT:SQRT(0t*Q2/(01*SI*SI+02*CO*CO))
0024 RHOT:RHMT+SHT(I)
0025 CLANCOS(SLAT(I)*RAD)
0026 SLA:SIN(SLAT(I)*RAD)
0027 CLOUCOS(SLMG(I)*RAD)
0028 SLevSIN(SLOG(I)*RAD)
0029 X.RHOT*CLA*SLe
0030. Y*RHCT*SLA
0031 ZzRHMT*CLA*CLO
0032 XP x CLOP*X-SLOP*Z
0033 yP a -SLAP*SL.OP*XCLAP*Y-SLAP*CLOP*Z
0034 ZP * CLAP*SLOP*XSLAP*Y+CLAP*CLOP*Z-RHOS
0035 DUMZXP*XP+YP*YP
Q036 SDUM;SGRT(DUM)
0037 AYP=ABS(YP)
0038 K a I+NT
0039 40 AZ(K,J) * ATAN2(XP,YP)
0040 90 ELCKpJ) a ATAN2(ZP,SDUY)
0041 RG(KJ) * SoRT(DUM+ZP*ZP)
0Q042 IFtAZV<,J)) 150,160,160
0043 150 AZ(KJ) TOPIT+AZ(K,J)
0044 160 CONTINUE
0045 ISEC * AZ(KVJ)*10.1859t6
0046 ISEC a ISEC+l
0047 KSEC(ISEC#ISHIP) * KSFC(ISECISHIP) t I
00n8 200 CONTINUE
0049 RETURN
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0001 SUBROUTINE TCOORDCNTISHIP)
0002 COMMON/SECTCR/KSEC(6'45)
0003 COMMON/PARI/TLAT(20),TLnG(20),THT(20),THD(20)
0004 COMMON/PAR2/SLAT(20),SLeG(20),SHT(20),SHD(20)
0005 COMMON/NEW/AZ(20,20),RG(20,20),EL(20,20)
Oakl PIW 43.141592654
0007 TOPI * PI*2.
0008 ERe63783e8.
0009 PRcb359911.
0010 RADm.01745329252
0011 GlvER*ER
0012 Q2xPR*PR
0013 J a ISHIP
0014 SLOP c SIN(SLOG(J)*RAD)
0015 CLOP ' COS(SLOG(J)*RAD)
0016 SLAP SIN(SLAT(J)*RAD)
0017 CLAP : COS(SLAT(J)*RAD)
Q0018 RHOS * SGRT(G1*Q2,(GI*SLAP*SLAP+02*CLAP*CLAP))
0019 RHMSCRHeS+SHT(J)
0020 DO 200 I-l,NT
0021 SIxSIN(TLAT(I)*RAD)
0022 COaCOS(TLAT(I)*RAD)
0023 RHOTESGRT(Q1*02/(G1*SI*SI+02*CM*Ce)
0024 RHMT:RHMT+THT(I)
0025 CLAnCOS(TLAT(I)*RAD)
0026 SLAvSIN(TLAT(I)*R&D)
0027 CLOzCOS(TLOG(I)*RAD)
0028 SLO=SIN(TLOG(I)*RAD)
0029 XaRHMT*CLA*SLI
0030 YzRHOT*SLA
0031 ZxRHOT*CLA*CLO
0032 XP * CLOP*X-SLIP*Z
0033 YP * -SLAP*SLMP*X+CLAP*Y.SLAP*CLMP*Z
0034 ZP * CLAP*SLMP*X+SLAP*Y+CLAP*CLOP*Z-RHOS
0035 DUMXXP*XP+YP*YP
0036 SDUMuSGRT(DUM)
0037 40 AZ(IJ) M ATAN2(XP,YP)
0038 90 EL(I,J) a ATAN2(ZP,SDUH)
0039 to0 CONTINUE
0040 RG(IJ) a SORT(DuLmZP*ZP)
0041 IF(AZ(IJ)) 150,160,160
0042 150 AZ(IJ) x AZ(I,J)s TOPI
0043 160 CONTINUE
0044 ISEC * AZ(I#J)*0o.1859l6
0045 ISEC * ISEC+1
0046 KSEC(ISECISHIP) : KSEC(ISECISHIP) + 1
0047 200 CONTINUE
0048 RETURN
0049 END
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0001 SUBROUTINE DETFIL(IR,IS,ISECNT,NS)

C SUAROUTINEDETFIL ASSIGKS DET. NO'S AND RANGE BINS T5 TARGETS , IT IS
C THE FIRST STEP IN CREATING DETECTIONS FROM THE STABLIZEn TARGET
C POSITIONS PROVIDED BY THE STIMULATION PROCESS.

C************************** **********, *********~*~
0002 COMMON/DETECT/XYZMS(20,3,3,5),TMS(20,3,5),COVMS(20, 3 ,3 ,3,5),

ILSTBIN(64,l00,3#5),XS(20)oTMRK(6413.5),TRATG(2o),LNKPIN(20,3,5)
0003 COMMON/NEW/AZ(20,2o),RG(20,20),EL(20,20)
0004 COMMON/DETFIL/IDET(3,5),IDTA(256,3,5)
0005 CMMMON/LOAD/XSAV(3,2 0 ,3),AZINT(3,5),RVEL(3,5) RNGnIM(5,3)
0006 COMHMON/TAG/ITAG(20,3,5,64)
0007 INTEGFR TRATG
0008 ISECMI : ISEC-1
0009 IF(ISECMl.EQ.o) ISECHI s 64
0010 NTS a NT+NS
0 011 J s IS
0012 DM 200 JRNt1,tOo
0013 LSTBIN(TSECJRNIRIS) :0
0014 200 CONTINUE
0015 AZLO * 5.b25*(ISEC-1)
0016 AZHI : 5.625*(ISEC)
0017 DO 100 Isl,NTS
0018 K ; I-NT

C IF TARGET IS ISHIP GO TO NEXT TARGET

0019 IF(K.EG.J) GO TO 100

C IS TARGET IN SECTOR?

0020 AZR a AZ(I,J)*57.295779
0021 IF(AZR.LE.AZLO.oR.AZR.GT.AZHI) GM TO 10n

C FIND RANGE BIN

0022 JRN s RG(I,j)/RNGDImCIS,IR)
CCC CHECK TO SEE IF TARGET IS WITHIN MINIMUM RANGE

0023 IF(JRN.EQ.0) GO TO too

C CHECK TO SEE IF FILE IS FULL

0024 IF(IDET(IRIS).GE.20) GO TO 20
0025 IDET(IRIS) s IOET(IR,IS) + 1
0026 GO TO 30
0027 20 C NTINUE
0028 IDET(IR,1i6 s t
0029 30-CINTINUE
0030 ID a IDET(IR,IS)

C LINK DETECTIONS TO TARGET.
0031 IDTA(ID#IR#IS) * I

CCC CHECK TO SEE IF TARGET WAS DETECTED IN PREVIOUS SECTOR
0032 IF(ITAG(IIR,IS,ISECMi).EQ.1) GO TO 199
0033 ITAG(I,IR,IS,ISEC) * I

C L2AD DETECTION NUMBERS IN DETECTION FILE

0034 TRATG(ID) nO
0035 LNKBIN(IDIRIS) a LSTBIN(ISFC,JPN,IR,IS)
0036 LSTBIN(ISEC,JRN.IR,IS) x IO
0037 199 CONTINUE

.0038 100 CONTINUE
0039 DO 150 ITIl,20
0040 ITAG(IT,IR,IS,ISECMI) a 0
0041 150 CONTINUE
0042 RETURN
0043 END
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0001 SUBROUTINE STASI (NT.NS,ISHIP)
0002 COMHMONRADIAN/XX(20,20) ,YY(20,20) SS(20,20)
0003 COHMMN/NEW/AZ(20,20),RG(20,21),FL(20,20)
0004 COMMtN/PAR7/ ROLL(20),PITCH(20),RPHASF(2o),PPHASE(20)
0005 COMHMN/PAR2/SLAT(20),SLMG(20),SHT(20),SHD(20)
0006 COMMON/NEW2/ AZD(20,20),ELD(20,20),LOnAZ(20,20)
0007 RADZ.01745329252
0008 PI s 3.141592654
0009 TOPI * PI*2.
0010 NTS:NT+NS
0011 J : ISHIP
0012 RR . ROLL(J)*RAO
0013 PP : PITCH(J)*RAD
0014 DO 200 IslNTS
0015 IF(I-NT.En.J) GO TO 2no
0016 AZR * AZ(IJ).(SHD(J)*RAD)
0017 ELR s EL(I#J)
oQI& AAZSgABS(AZR)
0019 IF(AAZS-PI ) 210,240,240
0020 210 IFtAZR) 220,260,260
0021 220 AZR * TOPI+AZP
0022 GO TO 260
0023 240 IF(AZR) 250,260,260
0024 250 AZRsTOPI-AAZS
0025 260 CONTINUE
0026 CzCCS(AZR)*SIN(PP)+TAN(ELR)*CoS(PP)
0027 XxSIN(AZR)*COS(RR)+C*SIN(RR)
0028 YaCOS (AZR)*CS(PP)-TAN(ELR)*SIN(PP)
0029 XX(IJ) * x
0030 YY(I.J) a Y
0031 40 AZDt(lJ) * ATAN2(X,Y)/RAD
0032 50 IF(AZD(IJ)) 60,65,65
0033 60 A7D(I#J)m 360.+ AZD(ItJ)
0034 65 CONTINUE
0035 CaC6s(ELR)*COS(AZR)*STN(PP)+SITNELR)*COS(PP)
0036 S;c*COS(RR)-COS(ELR)*SIN(AZR)*SINCRR)
0037 SS(IJ) a S
0038 100 ELD(IJ) X ARSIN(S)/RAD
0039 11o CONTINUE
0040 15o CONTINUE
0041 200 CONTINUE
0092 RETURN
0043 END
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0001 SUBROUTINE NOISY(IRISISEC)

C SUBROUTINE NOISY OUTPUTS THE NOISY X,Y,Z STABLIZED COORDINATES
C OF EVERY DECTION IN SECTOR ISEC
C*******,************* ******* **************** ************* ******* ******

0002 COMMONIDETECT/XYZMS(20,3,3,5),TMS(20,3,5),COVMS(20.3,3,3,5)r
ILSTSIN(61,100,3,5),XS(20),TMRK(6143,5),TRATG(2o)0,LIKBIN(20,3,5)

0003 COMMON/DETFIL/IDET(3,5),IDTA(256,3,5)
0004 COMMON/NEW/AZ(20,20),RG(20,20),EL(20,20)
0005 COCMON/TRUE/XYZTRU(20#3o3v5)

C GO THRU ALL RANGE BINS IN SECTOR
0006 De 100 JRNIl,100

C FIRST DETECTION IN RANGE BIN
0007 ID a LSTBIN(ISEC,JRN,IR.IS)
0008 10 CMNTINUE

C CHECK TO SEE IF THERE ARE ANY OTHER DETECTIONS IN RANGE BINS
0009 IF(ID.EO.0) GO TO 100

C GET TARGET NUMBER CeRRESPONDING TO DETECTIeN
0010 IT a IDTA(TID,TR,IS3
0011 XYZTRU(ID,tIR,IS) a RG(ITIS)*SIN(AZ(ITIS))*COS(FL(ITIS))
0012 XYZTRU(ID,2,IRIS) = RG(IT,IS)*COS(A7(IT,IS1)*CeS(ELCIT,IS))
0013 XYZTRU(ID,3,IRIS) 3 RG(IT,IS)*SIN(EL(IT,IS))

C GET NOISY STABILIZED PANGE#AZPEL.
0014 CALL STA52(IT,IS,IR)
0015 XYZMS(ID,l,IR,IS) _ RG(IT,IS)*SIN(AZ(IT,IS)) * COS(EL(IT,IS))
0016 XYZMS(IO,2,IR,IS) ; RG(ITTS)*COS(AZ(IT.IS)) * CoS(EL(ITIS))
0017 XYZMS(ID,3,IRIS) * RG(ITIS)*SIN(EL(ITIS))
0018 TMSCIDoIRIS) * TMRK(ISECIR.IS)
0019 ID 3 LNK8IN(rD,IR,IS)
0020 GO TO 10
0021 1O0 CONTINUE
0022 RETURN
0023 END
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0001 SURReUTINE STAH2(I,J,K)
0002 COMMON/NEM#AZ(20,20),RG(20,20),EL(20,20)
0003 COMMON/RANDUHXIRAN(20,5)
0004 COMMON/NDECK/AZND(20,5,3),ELND(20,5,3),RNND(20,5,3)
0005 COMMeN/RADIAN/XX(20.20),YY(20,20),SS(20,20)
0006 COMMON/PAR2/SLAT(20),SLOG(20),SHT(20),SHD(20)
0007 COMMON/COVI, SIGAZD(20,2) SIGELD(20,2) RHMD(20o2)
0008 COMMON/PAR7/ RoLL(20),PITCH(20),RPHASE(20),PPHASE(20)
0009 CeMm6N/NEW2, AZD (20,20),ELD(20,20),eOLDAZ(20,20)
0010 DIMENSION RAN(100)
0011 RAD=.01745329252
0012 PI a 3.141592654
0013 CALL SETVR(IRANTIJ))
0014 NNN a 6
0015 CALL VRANF(RAN,NNN)
0016 ARG * "2.*ALOG(RAN(t))
0017 RND : SORT(ARG)* COS(6.2832*RAN(2))
0018 AZR ; ATAN2(XX(IJ)#YY(IJ)) +SIGAZD(J,K)*RND*RAD
0019 ARG U -2.*ALOG(RAN(3))
0020 RND : SQRT(ARG)* CMS(6.2S32*RAN(4))
0021 ELR * ARSIN(SS(IJ)) +STGELDCJ,K)*RND*RAn
0022 ARG x .2.*ALOGtRAN(s))
0023 RND a SORT(ARG)* CMS(6.?832*RAN(6))
0024 IRANN a RAN(6)*i0000.
0025 IRANN : CIRANN*2)+1
0026 IF(IRANN.EQ.IRAN(I,J)) IRANN:IRANN+1
0027 IRAN(IJ) : IRANN
0028 RG(I,J) a RG(I,J) + RHODCJK)*RND
0029 AZND(IJK) 2 AZR
OQ30 ELND(I,J#K) ELP
0031 RNND(IJK) : RG(IJ)
0032 RR a ROLL(J)*RAD
0033 PP a PITCH(J)*RAD
0034 Xu-SIN(RR)*SIN ELR)+CnS(RR)*SIN(AZR)*Ce0(ELR)
0035 CUCOS(RR)*SIN(ELR)+SIN(PR)*SIN(AZR)*CMS(ELR)
OQ36 YaCOS(PP)*CoS(AZR)*CoS(ELR)+sIN(PP)*C
0037 40 AZEXATAN2(XlY)
0038 AZ(I*J) a AZE +SHD(J)*RAD
0039 CuCOScRR)*SIN(ELR)+SIN(RR)*SINtAZR)*COStELP)
0040 Su-SIN(PP)*CaS(AZR)*COS(ELR)+COS(PPI*C
0041 1oo ELENARSINCS)
00142 ELLI4 J.) : ELE
0043 RETURN
0D44 END
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0001 SUBROUTINE PREDIC(ISECTRIS)
C SUBROUTINE PREDIC DETERMINES THE POSITION OF TRACKS AT THE SECTOR
C CROSSING TIME. BASED ON THIS PREDICTED POSTTION IT ALSO UAKES
C ADJUSTMENTS TO THE SECTOR TRACK FILES.

0002 COMMMN/DETECT/XYZMS(20,3,3,5) ,TMS(20,3,5),COVHS(20,3,3,3,5),
ILST8IN(64#,1Ioo03,5),XS(20),TMRK(64,3.5),TRATG(20),LNKBIN(21f,35)

0003 CeMMON/DUMSEC/DUMSX(64,5)tDUMID(5t2,5)
0004 CeMMON/LINK/LNKFSXLNKSTM(20,S),DUMYT(5,20,5),TRKST(2n ,20) ,PTFST(2

to,20) ,LNKID(20),TIMLNK(20,5),ROLLNK (20,5),PTTLNK (20,,) ,SCLNK(20,5
2),XSMtO(2o,2o,5),CeVSM(10,10,20,5),PRECRV(10,10,20,5),MPFLAG(20,5)

0005 COMeMN/PREDICRAEDUM(256,35)PXYZDUM(256,3,5)
0006 DIMENSION X(9),TDUM(256,5)
0007 INTEGEP DUMSX,DUMID,PTFST,TRKST
0008 PI a 3.141592654
0009 TOPI x PI*2.
0010 NT a DUMSX(ISECIS)
0011 TIME * TPRK(ISEC,IR,IS)
0012 tO CONTINUE
0013 IF(NT.EQ. 0) GO TO 999
00114 R a 0.
0015 MT a TRKST(NT,IS)
0016 KS a PTFST(NT,IS)
0017 IF(KS.EQ.IS) GO TO 20
0018. XT x XSmO(1,MT,KS)
0019 YT : XSMO(3,MTKS)
0020 ZT a XSMO(SMTKS)
0021 CALL TRANSF(XTYTZTX(t),X(2),x(3),ISKS)
0022 XT a XSMO(2,MTKS)
0023 YT a XSMO(4,MTKS)
0024 ZT.m XSMO(6,MTKS)
0025 CALL VTRANS(XTYTZTX(4),X(s),X(6),ISKS)
0026 GO TO 30
0027 20 CONTINUE
0028 X(l) a XSmO(1,MTIS)
0029 X(2) : XSMO(3,MT,IS)
0030 X(3) c XSM(5,mT,M S)
0031 X(4) a XSMO(2,MTIS)
0032 X(5) a XSMO(4,MT,IS)
0033 X(6) : XSMM(6,MTIS)
0034 30 CONTINUE
0035 DO 35 Isl,3
0036 JxI+3
0037 XYZDUM(NT,I,IS) s X(I)+X(J)*(TTME.TTMLKI(MTKS))
0038 R U R+ XYZDUMCNT,I,IS)*XYZDUM(NT,I,IS)
0039 35 CONTINUE
0040 NTT a DUMIDfNTIS)
0041 TDUM(NTIS) a TIME
0042 RAEDUM(NT,1,IS) 2 SQRT(R)
0043 RAEDIJM(NT,2,IS) * ATAN2(XYZDUM(NT,1,IS),XYZnUMCNT,2,IS))
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00414 TEM = SQRTCXYZDUM (NT ltTS)*XYZDUM(NT,t,IS) t XYZ0UM(NT,2,IS)*XYZDU
IM(NT,2, IS)

0045 RAEDUM(NT,3,IS) . ATAN2(XYZDUM(NT,3,IS),TEM)
0046 IF(RAEDUP(NT,2,IS).GE. 0.) GO TO 50
0047 RAEDUM(NT,2.IS) z RPAEDMNT.,2,IS) t TOPI
0048 GO TO 60
0049 50 CONTINUE
0050 IF(RAEDUm(NT,2.TS).LE.T0PI) GO TO 60
0051 RAEDUM(NT,2.IS) * RAEDLM(NT,2,IS)- TOPI
0052 60 CONTINUE
0053 IF(ISEC.EQ.l .ANC. RAEDUM(NT,2,IS).GT.PI) GO TO 666
0054 IF(ISEC.EQ.614 .AND. RAEDUM(NT,2,IS).LT.PI) Go TO 777
D055 AZSEC2; ISECA(TOPI/64.)
0056 AZSECl(ISEC-1)*(TOPI/e4.)
0057 IF(RAEDUm(NT,2,IS).GE.AZSECt) GO TO 70
0058 ISM U ISEC-1
0059 665 CONTINUE
0060 AZSECM a (ISM-I)*(TMPT/64)
0061 IF(RAEDUM(NT,2,IS).GE.AZSECM) GO TO 667
0062 ISH U ISM-1
0063 GO TO 665
0064 667 CONTINUE
0065 CALL DUMCRPfNT,ISEC,IS)
0066 CALL DUMNEW(NT,ISM,IS)
0067 G! TO 90
0068 70 CONTINUE
0069 IF(RAEDUMCNT.2,IS).LE.AZSEC2) GO TO 90
0070 ISP ISEC+l
0071 65 CONTINUE
0072 AZSECP a ISP*(TOPI/64.)
007.3 IF(RAEDUM(JT,2sIS).LE.AZSECP) GO TO 77e
0074 ISP * ISPtl
0075 GO TO 65
0076 778 CONTINUE
0077 CALL DUMDRP(NTISEC,IS)
0078 CALL DUMNEW(NT,ISP,IS)
0Q79 90 CONTINUE
0080 NT a NTT
0081 GO TO 10
0082 666 CONTINUE
0083 ISM a 614
0084 GO TO 667
0085 77.7 CONTINUE
0086 ISP * 1
Q087 GO TO 778
0088 999 CONTINUE
0089 RETURN
0090 END
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0001 SUBROUTINE CORRAS(ISHIPISEC#IRAD)
0002 COMMON/DETECT/XYZOS(20,3,3,5),TMS(20,3,5).COVMS(20,3,3,3,5),

ILSTBIN(64,100,3,5),XS(20),TMRK(64,3,5),TRATG(20),LNK' IN(20,3,5)
0003 COMMON/NDECK/AZND(20,5,3),ELND(20,5,3),RNND(20,5,3)
0004 COMMON/DUMSEC/DUMSX(64,5),DUMID(512,5)
0005 COMmON/PREDIC/RAEDUM(256,3,5),XYZDUM(256,3,5)
0006 CO!MON/CORAS/DETSX(256),ISTOR(256),DETID(512)
0007 COMMON/LOAD/XSAV(3,20,3),AZINT(3,5),RVEL(3,5),RNGDIM (5,3)
0008 CewMON/DISTdSD(256)
0009 INTEGER CUMID,DUSX,0DFTSX,DETInTPATG
0010 DIMENSION IRADET(to),SDIST(to)

C PICK TRACKS OUT OF DUMMY SECTOR FILE
0011 NT : DUMSX(ISEC,ISHIP)
0012 5 CONTINUE

C HAVE ALL THE TRACKS IN THIS SECTOR BEEN CONSIDERED
0013 IF(NT.EQ. 0) GO TO 999
0014 2c0 CONTINUE
0015 LOC a DETSX(NT)
0016 IF(LOC.EQ.G) GO TO 300
0017 DETSX(NT) : DETIDLoC)
0018 DETIDCLOC) 0 o
0019 IORP a 0
0020 CALL NEWLOC(LOCIDRP)
0021 GO TO 200
0022 300 CONTINUE
0023 DO 8 I*llo
0024 SDIST(I) a 0
0025 A CONTINUE

C FIND RANGE SIN
0026 JRNG a RAEDUM(NT,1,TSHIP)/RNG-DIm(ISHIPIRAD)

C START PICKING DETECTIONS OUT OF RANGE SINS
0027 K : 1
0028 DI 40 II:1,3
0029 DO 40 JJ-t,3
0030 J ;JRNG-2+JJ
0031 I : ISEC-2+II
0032 IF(I.EQ.0) I:64
0033 IFUJ.LE.O) GI TO 40
0034 IDETNO * LSTIN(I,J,IRAL,ISHIP)
0035 10 CONTINUE

C ARE THERE ANY DETECTIONS LEFT IN BIN l,J
0036 IF(IDETNM.ER. 0) GO TO 40

CCC IF PREOIC HAS MOVED TRACK INTO NEW SECTO4 IT MAY HAVF BEEN PREVIOUSLY
CCC ASSIOIATEC WITH THIS DETECTION

0037 IF(TRATG(IDETNl).FQ.NT) GM TO 40
C ORDER DETECTIONS ACCORCING TO STATISTICAL DTSTANCE

0038 NN z K
0039 CALL COVOWN(IPADISHIPIDETNoNTSrlTISFC)
0040 20 CONTINUE
0041 TFCNN.EQI) Go TM 30
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IF(SDI.GT.SDIST(NN-1)) GO TO 30
SOIST(NN) : SOIST(NN- I)
IRADET(NN) a IPADET(NN.1)
NN: NN-I
GO TO 20

30 SDIST(NN) U SnI
IRADET(NN) a IOETNO
IDETNO a LNKI8TJ(IDETNMIRADISHIp)
K z K+1
GO TO 10

40 CONTINUE
C WERE THERE ANY DETECTIONS IN CONT. BINS

IF(K.NE.1) GO TO 60
50 CONTINUE

NT a DUMID(NT,ISHIP)
Ge TO 5

60 CONTINUE
J _ K-I

70 CONTINUE
IF(J.EQ.0) GO TO 80

C PLACE DETECTIONS IN LINKED FILE
C SMALLEST SO IS LAST ONE IN

IDRP : I
CALL NEWLOC(LOCIDRP)
ISTIR(LOC) : IRADET(J)
DETID(LOC) : DETSX(NT)
DETSX(NT) w LOC
SD(LOC) z SDIST(J)

: J-1
GO TO 70

80 CONTINUE
C ASSeCIATION PROCESS

NTA : NT
90 CONTINUE

LCc DETSX(NTA)
IDETNO a ISTOR(LOC)

C ARE ANY OTHER TRACKS ASSOCIATED HITH TFIS DETECTION
IF(TRATG(IDETNe).NE. 0) GO TO 100
TRATGtIDETNQ) 3 NTA
GO TO 50

100 CnNTINUE
NTT : TRATG(IOETNO)
LOCC * DETSX(NTT)
IF(SD(LOC).GE.SD(LMCC)) GO TO Ito
TRATG(IDETNO) a NTA
NTA a NTT

110 CONTINUE
LMC a DETSXtNTA)
DETSX(NTA) : DETID(LOC)
IF(DETSX(NTA).EQ.0) GO TO 50
IDRP a 0
CALL NEWLOC(LOCIDRP)
GO TO 90

999 CONTINUE
RETURN
END
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1001 SlIJRRIUTTNE CvOIwN(TIRADISHTIPIDFTNMNToSDTSEr)
0002 CfHMMONPAR7/ PMLL(20),PITCH(20),RPHASE(20),PPHASE(20)
0003 COMMON/KAL2/ PS(20,2o),PP(2n020),CoVSt2o2o)COVM(20,20),XP(20)
0004 COMYHfN/CALO/IFTRST(20,5),DImIflt1H2,DIM3
0005 COYmmHi/DETFIL/TDFT(3,5), tnTA(2?6,3,5)
)006 CMI40N/LINK/LN4SFSXLNKSTO(20,o5)oDUMST(5,2,s),TRKST(20,20) ,PTFST(2

o, 20 )LNKITO(2),TIMLNK(20,5),RILLNK(20,5)RPITLNK(20,5),SHDLNK(20,5
2?)X5MI(20,20,9),COVSMO(tltO0,20,5),PRECOV(l0,10,20,5),MPFLAG(20,5)

9007 COMHONI/UPDATE/ILOC(20),TIMLAGTESTO(512,3),TLAST(256,5)
0008 COMMMN/STATTC/N(q) N2(3)
oo00 CoMMNo/PAR2/SLAT(20),SLMG(2n),SHT(20) SHD(20)

0010 COMMHN/NDECK/AZNf(20,5,3),ELNDt(20,53),RNND(20,5,3)
00oI1t Cml/MOJ/ETECT/XYZVS 20,3,3,5).TmSt?0,3,5),CCVMS(20,3,3,3,5)

ILSTBINt(601j00,3,5),XS(20)PTMPK(64,3,5),TRATG(20),LNK8IN(20,3tS)
0 012 CI'MN/LMDE/NUf'TAP
0013 0IMENSION H(3,3) P(3#3)#HP(3,3)#AJS(3,3)

0014 DIVENSION A2(3,3),NN2T(9,9)p5L1M2(3,3)
o015 REAL NN2,NNTNN2T
0016 TNTEGEk TRKST,DIlm,DIM2,DIm3oPTFSTDUMST
0017 HAD * .nl745329252
(01. MT a TRKST(NTISHIP)
t)019 KSHIP a PTFST(NTISHIP)
002n TF(KSHIP.NE.TSHIP) GO TO 85
0021 JJ s ISHTP
0o22 Dn 120 I=1,3
11023 O0 120 J11,3

002a H(IJ) * 0.
0025 120 CONTINUE
oO26 H lt1) I COS($Ht(Jj)*PAr)
0027 H1,2) 2 SIN(SHDCIJ)*RAD)
0028 H 2,1) I -SIN(SHD(JJ)*RAD)
0029 H(2,2) a H(1,1)
0030 H(3,3) * 1.
003t RMORAD : RoLL(JJ)*RAD
0o32 PITRAD * PITCH(JJ)*RAD
0033 PRll) * COSCROLPAD)
0034 P(1,2) a 0.
0035 P(1,3) * -SIN(ROLRAD)
0036 P(2,l) : SIN(ROLRAD)* STN(PITRAD)
0037 P(2,2) * COS(PITRAD-)
0038 P(2,3) 2 CMS(POLRAD)* SIN(PITRAD)
0039 P(3,1) * SIN(ROLRAD)* CMS(PITRAD)
0040 P(3,2) a -S!N(PITRAD)
0041 P(3,3) * COS(RMLPAD)* CPS(PITRAD)
0042 DO 130 1I1,3
0043 DO 130 Ja1,3
0044 HP(IJ)s 0.
0045 DM 130 IJali3
0046 HP(IJ) a HPRIJ)+ HCI,IJ)* P(IJ,J)
0047 130 CONTINUE
0048 IF(IDETNn.NE.0) GO TO 144

C CALL FROM LOAD
0049 IT a NUMTAR
0050 GM TO 148
0051 144 CONTINUE
0052 IT a IDTA(IDETNOIRADISHIP)
0053 148 CONTINUE
0054 EL2 x ELND(ITISHIPIPAD)
0fl5 AZ2 ? AZND(ITISHIPIRAD)
0056 RN2 = RNND(ITISHTPIRAD)
0057 A2(1,1)c CoS(EL2)*SIN(AZ2)
0058 A2(1,2): -RN2*SIN(FL2)*SIN(AZ2)
0059 A2(t13) : RN2*CeS(EL21*CMS(AZ2)
0060 A2(2,1) ZCOS(EL2)*CMS(AZ2)
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0061 A?(2,2)n -RN2*SIN(EL2)*CS (AZ2)
0062 AP(2,3): -RN2*CMS(EL2)*SIN(AZ2)
00o3 A2(3,1) SIN(FL2)
0I164 A2(3,?) RN2*COS(EL2)
0065 A2(3,3)20.
0066 DO 150 1I1,3
on67 DO 150 J31,3
0068 AJS(IJ) 2 0.
0069 DO 150 IJ =1,3
0070 AJS(I,J) a AJS(T,J) 4 HP(IIJ)*A2(IJJ)
0071 150 CONTINUE
oo72 DO 30 Is1,3
0073 DO 30 1<21,3
0074 NN2T(ItK):0.
0075 30 CONTINUE
0076 DO 40 Ial,3
0077 NN2T (II)-:N2( I) *N2 (I)
on78 40 CMNTINUE
0079 DO 70 v1.13
0080 DO 70 J%1,3
0081 SUM2(IJ)0o.
0082 DO 70 IJ=1,3
0083 SUH2(I,J)SLJM2(tIJ)+AJStIIJ)*NN2T(IJ#J)
0084 70 CONTINUE
0085 DO 80 1%1.3
o086 DO 80 JRl,3
0087 COVM(IoJ) : 0.
0088 DM 80 IJ1:,3
0089 C^VM(I,J) a COVM(tIJ) *SUM2(I,IJ)*AJS(J,IJ)
0090 80 CONTINUE

C CALL FROM LOAD
0091 IF(IDETNt.EQo) GO TO 100
0092 De 85 Iml,3
0093 Df 85 Jsl,3
0094 COVMS(IDETNR,I,J,T1AD,ISHIP) : CoVM(IpJ)
0095 8S CONTINUE
0096 ZMI a XYZ1S(IDETNMl#IRADoISHIP)
0097 ZM2 * XYZMS(IDETNOF2,IRADPISHIP)
0098 ZM3 c XYZMSCIDETNM,3,IRADISHIP)
0099 9FLAG : 2
0100 IF(KSHIP.EQ.ISHIP) GO TO 88
0101 X a ZMI
0102 Y = ZM2
0103 Z a ZM3
0104 CALL TRANSF(XYZZMIZH2,ZM3,KSHIPISHIP)
0105 CALL CmVLNK(ISHIPrIDETKIRPADKSHIP)
0106 88 CONTINUE
0107 NNT a DUMST(KSHIPRMTKSHIP)
0108 TDEL a TMS(IDETNOIRADISHIP) .TIMLNK(MTKSHIP)
ot19 DO 66 Il,6
0110 XS(I) : YSMO(TI,MT,KSHIP)
0111 Oft 66 J:1,6
0112 PS(I.J) = COVSmO(IJmTKSHIP)
0113 66 CONTINUE
o114 IF(IFIRST(MT,KSHIP).NE.0) GO TO 90
ol15 XP(I) * XSMO(1,mT,KSHIP)
0116 XP(3) U XSMO(3,MTKSHIP)
0117 XP(S) : XSMO(5,MT,KSHIP)
0118 90 CONTINUE
0119 CALL KALHAN(TDEL,MTZMI,ZM2,7M3,KSHIPWFLAGSD)
o120 100 CONTINUE
0121 PETURN
0 122 FND
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0001 SUAROUTINE COVLNK(KS,TCIR,JSHIP)
0002 COHMON/NDECK/AZND(20,5,3),ELND(20,5,3),RNNnt(21,5,3)
0003 COMMON/DETFIL/IDET(3,5), IDTA(256,3,5)
0004 COMMON/STATIC/N(9)oN2(3)
0005 COCMON/KAL2/ PSt20,20),PP(20,20),COVS(20,20),CMV.(20,20),XP(2O)
0006 CCMMON/NEW2/ AZD(20,20).ELD(20,2C),OLDAZ(2O,20)
0007 CnMMON/UPDATE/ILOC(20),TIMLAGTFSTM(512,3),TLAST(256,5)
0008 COMMON/PAR7/ ROLL(20),PITCH(20),RPHASE(20),PPHASF(20)
0009 COMMMN/PAR2/SLAT(20),SLMG(20),SHT(20),SHD(20)
0010 DIMENSION H(3,3),P(3,3),HP(3,3),THP(3,3),AJS(3,3)
0011 DIMENSION A(3,q),A2(3,3)pNNT(9,9),NN2T(9,9),T(3,3)
0012 DIMENSION SUM(3,9),SUH2(3,3),ANNAI(3,3),ANNA2(3,3),COV(3,3)
0013 REAL LAILA2,LA
0014 REAL NN2,NNT,NN2T
0015 RAO : .01745329252
0016 JJ a KS
0017 IT a IDTA(IDIRKS)
Q018 EL a ELND(IT,KS.IR)
0019 AZ * AZND(ITKSIR)
0020 RN * RNND(ITKSIR)
0021 DO 120 I21,3
0022 DO 120 J:1,3
0023 H(I,J) * 0.
0Q24 120 CONTINUE
0025 H(ll) * COS(SHt(JJ)*RAD)
0026 H(1*2) : SIN(SHDOJJ)*RAD)
0027 H(2,1) *-SINfSHDt(JJ)*RAD)
0028 H(2,2) s H(l,l)
0029 H(3,3) : 1.
010 RQLRAD U ROLL(JJ)*RAD
0031 PITRAD a PITCH(JJ)*RAD
0032 P(ll) a COStROLPAD)
0033 P(1,2) a 0.
Q0Q34 P(I,3) s *SIN(ROLRAD)
0035 P(2,1) s SIN(RMLRAD)* SINCPITRAD)
Q03 . .L2s2) ' COS(PITRAD)
0037 P(2,3) a COS(ROLRAD)* SIN(PITRAD)
0038 P(3,1) SIN(RMLRAD)* COS(PITRAD)
0039 P(3,2) a -SINtPITRAD)
0040 P(3,3) * COSCROLRAD)* CeStPITRAD)
0041 De 130 It1,3
OQ.0P. nQ I Il J:!1-.3
0043 HP(IJ)a 0.
QQ4q4 DO 130 IJ;1t3
0045 HP(IJ) a HP(IJ)+ H(IIJ)* P(IJ,J)
0046 130 CONTINUE
0047 TH2 a SLAT(JSHIP)*RAD
00'45 LA a (SLOGCJJ)*RAD)- CSLOG(JSHIP)*RAO)
0049 THI a SLAT(JJ)*RAO
QQ5Q0 TCll) & COS(LA)
0051 T(l,2) * SIN(THI)* SIN(LA)
0052 T(1,3) a COS(THI)* SIN(LA)
0053 T(2,1) a SIN(TH2)* SIN(LA)
0054 T(2#2) a SIN(THI)* SIN(TH2)*COS(LA) +COS(THl)*C~f(TH2)
0055 T(2,3) x-COS(THI)* SIN(TH2)*COS(LA) +SIN(THI)*COS(TH2)
0056 T(31) a-CMS(TH2)* SIN(LA)
0057 T(3,2) a COS(THI)* SIN(TH2) -SIN(THI)* CnS(TH2)*COS(LA)
0058 T(3,3) = COS(THI)* COS(TH2)*CMS(LA) ,SIN(THl)*SIN(TH2)
0059 DO 140 Iz1,3
0060 DO 140 J:1,3
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0061 THP(I,J)x 0.
0062 DO-.1401 IJal,3
0063 THP(ItJ) a THP(IJ)+ T(I,IJ)*HP(IJ,J)
0064 140 CONTINUE
0065 Atl,1) * T(tl)
0066 A(l,2) a T(1,2)
0067 A(1,3) a T(t,3)
Q068 AU,14) . THP(1ll)*CeS(EL)*SIN(AZ) +THPCI,2)*CeS(EL)*COS(AZ)+THP(l.

13)*SIN(EL)
0069 A(1,5) * -THP(,l1)*RN* SIN(EL)*SIN(AZ) - THP(1,2)*RN*SIN(EL)*

2C0S(AZ) +THP(l,3)*RN*COS(EL)
0070 ACI,6) 4 THP(ll)*RN*CCS(EL)*CnS(AZ) * THP(1,2)*RN*CMS(EL)*SIN(AZ)
0071 A(1,7) a-I
0072 A I,8 ; 0
0073 A(1,9) a 0
0074 A(2,1) * 7T2,1)
0075 A(2,2) a T(2.2)
0076 A(2,3) a T(2,3)
0077 A(2,4) a THP(2,1)*COS(EL)*sIN(AZ) +THPC2,2)*COS(EL)*COS(AZ)+

3THP(2,3)*SIN(EL)
0078 A(2,5) * -THP(2,l)*RN*STN(EL)*sNI(AZ) - THPC2,2)*RN*SIM(EL)*COS(AZ

4) + THP(2#3)*RN*ClS(EL)
0079 A(2,6) * THP(2,1)*RN*Cls(EL)*Cf¶SCAZ) . THP(2,2)*PN*CMS(EL)*SIN(AZ)
0080 AC2,7) a 0
0081 A(2,8) : -1
0082 A(2,9) a 0
0083 A(3,1) T(3,1)
00814 A(3,2) a T(3,2)
0085 A(3,3) a T(3,3)
0086 A(3,4) : THP(3,1)*COS(EL)*SIN(AZ) + T(3,2)*CeS(EL)*CoS(AZ)+ THP(3,

53)* SIN(El)
0087 At3,5) * -THP(3,1)*RN*SIN(EL)*SIN(AZ) .THP(3,2)*RN*STNrEL)*CeS(AZ)

6+ THP(3p3)*RN*CMS(EL)
0088 A(3,6) * -THP(3,1)*RN*CMS(EL)*CMS(AZ)-THP(3,2) *RN*CeS(EL)*SIN(AZ)
0089 A(3,7) a 0
0090 A(3,8) a 0
0091 A(3,9) c-I
0092 tO 10 I:l.9
0093 DO 10 Kzl,9
0094 NNT(IsK)qO.
0095 tO CONTINUE
0096 De 20 Iwl,
0097 NNT(II)mN (I)*N(I)
0098 20 CONTINUE
0099 DO 50 IX1.3
0100 De 50 JS1.9
0101 SUH(IJ)ao*
0102 De 50 IJ419
0103 SUM(IJ)XSUM(IJ)+A(IIj)*NNT(tIJJ)
otO4 50 CONTINUE
0105 90 CONTINUE
0106 DO 60 I2103
0107 DO 60 J41,3
0108 COVM(IOJ) a 0.
0109 DO 60 IJ=1,9
0110 CeVM(IJ): CeVM(IJ) + SUM(I,IJ)*A(J,Ij)
0111 60 CONTINUE
0112 45 FORMAT(5X.9F14.3,,,)
0113 RETURN
01114 END
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ooo0 SUBROUTINE KALMAN (TOEL, ITARZMI ,ZM2,ZM3, ISHIPKFLAG#SD)
ooo2 COMMON/DETECT/NYZmS(20o3,3p5),TmS(20,3,5) CoVMS(20,3,3,3,5),

ILSTBIN(614,100,3,5),XS(20),THRK(6,3,5),TRATG(20),LNKBIN(203,S)
0003 CONMON/KALI/ PHI(2o,2o)vG(20,20),H(20#20)
0004 COMMON/KAL2/ PS(20,20),PP(20,20),CMVS(20,20),CMVM(20,20),XP(20)
0005 COMMr4N/KAL4/IFIRSTC20,5),DIMI ,DM2,DIM3
0006 COMMVrJ/TRIANG/ CMVIC2o,20),UP(20,20),FLf20,20)
0007 COMMON/INVERT/R(20,20),RI(20,20)
0008 DIMENSION XPMIJ(6) ,SJUm(),SUM2(3),XMMU(3)
0009 DIMENSION ZM(2C),1wT(20,20)
0010 DTMENSION DM1t(20,20),DM2(20,20),tM3(20,20)
0011 DIMENSION VOCI(3,3),D3H(3,3),D2mC3,3)
0012 DIMENSION D4V(6,6),05M(b,6) VOC2(6,6)
0013 INTEGER OIMlo1.M2p)IM3
0014 ZM(l) a ZMI
00)15 ZM(2) * ZM2
0016 ZHt3) s ZM3
0017 M a DII
0018 N c DIM2
0019 NS a OIM3
0020 JFIRST : IFIRST(ITARISHIP)
0021 IF(JFTRST.LT. 2 *AN0. KFLAG .EQ. 2) GO TO 1299
0022 IF(JFTRST) 10,165,100
0023 103 CONTINUE

C FIRST TIME THRIJ
0024 DC 120 I:1,N
0025 DO 120 j:l,N

C SMOOTHFD COVARIANCE MATRIX
0026 PS(TJ) ')
0027 120 CMNTINUE
0028 PS(t,1) U COVM(t,¶)
0029 PS(3,3) s COVM(2,2)
0030 PS(5,5) = COVM(3,3)
0031 PS(1,3) a COVM(1,2)
0032 PS(3,t) = PS(1,3)
0033 PS(1,5): CRV(I,3)
0034 PS(5,1) PS(105)
0035 PS(3,5) U CVM(2,3)
0036 PS(5,3) = PS(3,5)

C PREDICTED POSITION VECTOR
0037 DO 160 ITl,N
0038 XD(T) : XS(I)
0039 160 CONTINUE
0040 GO TO 120e
0041 165 CONTINUE

C SECOND TIME THRU
0042 PS(2,2) s(COVM(1,l)+ PS(l,1))/(TDEL*T0EL)
0043 PS(2,41 a (COVM(1,2)+ PS(t,3))/(TDEL*TDEL)
0044 PS(4,4) s CCOVM(2,2)+ PS(3,3)),(TDEL*TDEL)
0045 PS(2F6)-g (COVM(l,3)+ PS(IP5))/(TDEL*TDEL)
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COh6 PS(4,2) : PS(2,14)
0047 PS(6p,) * PS(2,6)
0048 PS(II) : CevMC101)
0049 PS(1,2) a COVM(1t1/)TDEL
0050 PS(2,1) 2 PS(102)
0051 PS(1,3) a COVM(12)
0052 PS(301) * Ps(1,3)
0053 PS(4,6) =(CMVMt2,3)+ PS(3,5))/(TDEL*TDEL)
0054 Ps(b,4) : PS(t,6)
0055 PS(6,6) x (COV$(3,3)+PS(5,5))/(TDEL*TOEL)
0056 PS(1,4) C COVM(1,2)/TDEL
0057 PS(4,1) : PS(1,4)
0058 PS(2,3) : COVt(1,2)/rDEL
0059 PSt3,2) a PS(2,3)
0060 PS(3#3) : CMVM(2,2)
0061 PS(3,4) : CMVm(2,2)/TDEL
0062 PS(4,3) PS(3,4)
0063 PS(t,5) a COVHCI,3)
0064 P5(5,1) : PS(1,5)
0065 PS(2,5) : CnvM(1,3)/TDEL
0066 PS(5,2) * PS(2,5)
0067 PS(3P5) : COVM(2,3)
0068 PS(5,3) a PS(3,5)
o069 PS(4,5) = COVP(2,3)/TDEL
0070 PS(5,4) 2 PS(4,5)
0071 PS(5,5) - COVM(3,3)
0072 PS(l,h) C cOVMC,3)/TDEL
0073 PS(6,I) : PS(1,6)
0074 PS(3,b) : CnVmC2,3)OrDEL
0075 PS(6,3) : PS(3,6)
0076 PS(5,6) COVM(3,3)/TDEL
0077 PS(6,5) : PS(5#6)
0078 no 15S I:l,N
0079 Dt 155 J:l,N

C PPEDICTED CMVAPTANCE MATRIX
0080 PP(IJ) : PS(I,J)

0081 155 CONTINUE
0082 DO 170 I:1,N
0083 DO 170 J:1,M
0084 DMI(IJ)s0.
0085 Dn 170 Kal,N
0086 DM1(I,J) : rMI(TJ) + PS(I,K)*H(J,K)
0087 170 CMNTINUE
0088 no ¶8O I:1,M
0o89 DO 1'0 J:1,M
0090 COVI(IJ) = COVm(T,J)
OO9t l1o CONTINIJE
0092 CALL 1JPPERT(H)
0053 O t190 II1,m
0094 DO 190 JMlM
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P(IJ) a UP(J,I)
190 CONTINIJE

CALL INVERL(M)
to 195 INIM
Dn 195 J:lM
DM2(I,J) x a.
Dn 19q K:t,M
DM2(I,J) a rfl2(IJ) +RIt(

195 CONTINUE
DO 215 I:l,N
DM 215 J:lM
WT(IJ) a U.
DO 215 Kul,M
IT(IJ) U WT(I,J) .q.M1(I

215 CONTINUE
GQ TO 890

100 CONTINUE
C SET UP TRANSITION PATRIX

Om 105 I:l,N
DO 105 JaI,N
PHI(I,J) O.
PHI(I,I) a 1,

105 CONTINUE
PHICI,2) : TDEL
PHI(3,4) a TOEL
PHIT(5,6) TDEL

,K)*DM2(K,J)

COMPUTE PREDICTION COVARIANCE

DO 150 2t1,N
DO 150 J21,N
DMI(I,J):0.
DO 150 KEIN

ISO DM1 (IJ):OMI (IJ)+PS(IK)*PHI(Jw)
DO 210 I:t,N
DO 210 J-l,N
DM2(1,.).0.
DO 200 Kal,N

200 Dm2(1,J):Om2(1,J)+PRHII,K)*DMI(K,J)
210 PP-(IJ)aDM2IJ1)-

IF(NS) 320,320,240
240 CONTINUE

DO 250 Ial,NS
DO 250 J31,N
DMI(I,J):O.
Dt 250 Ka-I-,NS

250 DM1(IJ)tMI (IJ)+CMVS(IK)*G(JK)
DO 310 Iml,N
Dt 310 J21,N
DM2(IJ)3o.
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0096
0097
0098
0099
0100
0101
0102
0103
ol 04
0105
0108
0107
0108
0109
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O 1 1 1
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0t1 15

0 1 0 3

0116

011 7 

0118
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0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135

0137

0- 3-A 

0139

0140

C

C
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0141 DO 300 Kl:,NS
')t42 300 DM2tlIJ):CM2tT,J)+G(I,K)*DMl(KJ)
o0143 31(o PP(IJ):PP(IJ)+DM2(IJ)
o144 32n CONTINUE
(1415 De0 315 I-I,N
0146 flR 315 J:1,N
()147 319 PP(I,J) s PP(IJ)*FXP(.05*TDEL)

C
C COMPu.JTE FILTER tETIGHTS
C

ot/48 ra 3SO Ix1,N
0149 Dn 350 J:zl,M
0150 DMI(IJ)20.
0151 CM 390 Kz1,N
0152 35( fMl(I,J)=DHI(TJ)+PP(IK)*H(JK)
0153 Pm 410 I:1,M
01504 DO 410 J:ltjM
0155 DM2(I,J):O.
0156 DM 400 K:¶,N
o157 400 Om2(IJ):1Th2(TJ)+M(TK)*DMI(KJ)
0151 410 vOCI(IJ) = DM2(IJ)+.EVMCIJ)
0159 CALL M@AT (VOClNM0,31.,MA,,02mMMXX,414)
0160 DO 550 ITz,N
0161 P0 5501 J21,M
0162 WTCI,,T):0.
0163 Dn 550 K:1,M
0164 550 WrTI,,T) = wT(IJ)+DMl(IK)*D2M(KJ)

C
C UPDATE SVNMTHED COVARIANCE
C

()165 Dt 600 lzl,N
0166 DO 600 .:1,N
0167 DMp (I,J)20.
olb8 DO 600 K:l,M
0169 600 DM1tIJ):DMl(IJ)+WT(TW)*H(KJ)
0170 DO 660 I-1,N
0171 DO 660 J:l,N
0172 OM2(l,J)O.
0173 DM 650 Kxl,N
0174 650 DM2(IJ)=rD 2t1,J)+DMll (I )*PP(KJ)
0179 660 PS(IrJ)IPPR(IJ).tM2(1#J)

C
C FILTER UPOATE
C

o176 DO 900 I:l,N
0177 XP(t):O.
0178 Do 900 J21,N
0179 900 XP(I)rXP(I)+PHI(T,J)*XS(J)
oteo F90 CONTINUE
OlAl DO 960 Ict,M
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0182 DMI(I.I)'01.
0183 DO 950 J21,N
01814 950 DMI(I,1):DMI (I,)+H(I,4)*XPtJ)
0185 960 D(M2(I,1)ZM(T)-Dm1(Ip1)
o186 DO 1010 W:N4
0187 DHI(I,1)20.
0188 DO 1ooc J:1,M
0189 1000 DM(Itl,)DMI(1,1)+WT(TJ)*DM2(Jt)
(1190 1010 Xs(I):IP(I)+DMICII)
0191 1200 CONTINUE
(t92 IF(KFl.AG.NE.2) GO TO 1300

C
C CALCULATE STATISTICAL DISTANCE
C

0193 DO 166 I21:N
0194 XPMIJt I) : -nM I(1T II

lq5s DO 166 J:I,N
fl96 VOC2(I,J) R PP(IJ)
0197 166 CONTINUE
')198 CALL MAT(VOC2,NsND4MNNtSMNN, YYY,4)
0199 PARTI : 0.
0200 PART2 : U.
0201 Dt 366 I:1,
o202 SUJM(I) : 0.
0203 366 CONTINUE
0204 0 1066 x11,N
1)205 DO 46h Jz1,N
020h6 SJM(I) = SWJIMt) +YPMU(J)*D5M(JTI)
0207 166 COehTINUE
o208 DO 5hh J:1,N
0209 PAPT) : PARTI+SUm(J)*XPMU(J)
0210 566 CONTINUF
0211 XmIltJ(1) = ZM(1) .YS(1)
u212 XMMIJ(2) : ZM(2)- XS(3)
0213 XMtU(3): ZM(3)- YS(9)
0214 DO 66b IlM
01215 StU2(1) :0.
0216 Om 666 J:llm
0217 VOCI(IJ) : COVM(IT,)
0218 666 CONTINUE
0219 CALL MAT(VOCIMMnD3HMMHD2m4,M,1XXX,4)
0220 DO Phh I:1,M1
1221 rm $66 Jm),M
(1222 SLIM2(I) = SUPP2(l) + XMPU(J)*D2m(J,I)
0223 066 CONTINUE
0224 DM Q66 1:lpM
0225 PART2 : PART? + Su¶J2(J)*XMMU(J)
0226 966 CONTINUE
0227 Sn = PARTI + PART2
0228 GO TO 1300
o229 1299 CONTINUE
0230 SD = to.
0231 1300 CONTINUE
0232 RETURN
o233 END
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0001 SUBROUTINE SMRT(ISEC,TSHIP,TRAD)
C SUBROUTINE SORT EXAMINES EACH TRACK IN THE SECTOR UNnFR CONSIDERAT0IN.
C IF THE TRACK IS A PARTICIPATING MEMPER PIAS ERR0RS APE REDUCED.
C IF THE TRACK IS NOT AN OWNSHIP MPT SURROUTTNF TItCMN IS CALLED TO
C PREPARE INFO ON ASSOCIATED DETECTION FOR TRANSMISSION OVER THE LINK.
C IF THE TRACK IS AN MWNSHIP MPT THE LINKED FILE 'TeST!' IS LOADEn
C WITH INFO FOR ACCFSSING DETECTION FILES. ITESTMI CONTAINS THE I.D.
C NOS.,SHIP NOS, AND RADAR NOS OF ALL DETFCTIONS THAT WAVE RECENTLY
C BEEN ASSOCIATED WITH NT. TESTO IS LINKED BY FILID AND FILFX

0002 COMMON/DETECT/XYZMS (2n3,3,5),TMS(2(,3,5),COVMS(2(,3,3,3,5),
ILST BIN (6o1o0,35)XS (20),TMRK(64,3,5),TRATG(P0O),L NKBINt(20 3, F)

0003 COMMON/UPDATE/ILOC(20),TIMLAG,TESTO(512,3),TLAST(256,5)
0004 COMMoN/LINW/LNKFSXLNKSTO(20,5),CUGST(5,20,5),TRKST(20,20),PTFST(2

10,20),LNKID(20),TIMLNK(20,5),ROLLNK(2(215),PITLNK(o0,5),SHDLNK(20,g
2),XSmO(20,2(,5),COVSMO(10,10,20,5),PP'ECV (10,10,20,5),MPFLAG(20,5)

0005 COMMON/CORAS/DFTSX(256),TSTOR(256),DETID(512)
0006 COMMON/PAR2/SLAT(20),SLOG(20),SHT(20),SHD(20)
0007 COMMON/PAP7/ ROLL(20),PITCH(20),RPHASE(20),PPHASE(20)
0008 COCMON/DUHSEC/DUMSX (64,5),DUMID(912,5)
0009 CHMMON/NDECK/AZND(20,5,3),ELND(2(u,5,3),RNND(2t,5,3)
0010 CHMMON/RANTIHTRA1(20,3,5)
0011 CMM.MN/nIST/SD(256)
0012 COMMON/SPRT/FILFX(256,5),FILID(512)
0013 DIMENSION RAND(ioo)
0014 INTEGER DUJMSXDETSX,PTFSTTRKSTTESTO,FILID,FILFXDUMID
0015 NT a DUPSX(ISEC,ISHIP)
0016 10 CONTINUE
0017 IF(NT.EQ.0) GO To 99q
0018 LeC a DETSX(NT)
0019 IDETNO a ISTeRCLOC)

C ARE THERE ANY DETECTIONS ASSOCIATED WITH TRACK NT
0020 IF(IDETNO.EQ.0) GO TO 20
0021 KS : PTFST(NTISHIP)
0022 MT s TRKST(NTISHIP)

C MPFLAG : I INDICATES PARTICIPATING PLATFOPP
Qn23 IF(MPFLAG(MT,KS).NE.0) GO TO 30
0024 IF(KS.EG.ISHIP) GO To nJo
0025 RILLNK(IDETNO.ISHIP) - R0LL(ISHIP)
0026 PITLNK(IrETNMISHIP) a PITCH(ISHIP)
0027 SHDLNK(IDETNM,ISHIP) = SHD(ISHIP)

CCCC INSERT RAD!OM DELAY
0028 NNN : 1
0029 CALL VRANF(RANDNNN)
0030 TRANCIDETNMOIRAD,ISHIP) s (RAND(l)*l.9)+.l +TMS(IDETNOIRADISHIP)
0031 SDIST a SD(LOC)
0032 CALL TIMCMN(IDETNOMTKSISHIPIRADISECSDIST)
0033 GO TO 20
00314 30 CONTINUE
0035 GO TO 20
Q036 4Q CONTI NUE
0037 IDROP a 1
0038 CALL DETLOC(NTLOCtIDROP)
0039 TESTO(LOCI) * IDETNO
0040 TESTO(LOC,2) * ISHIP
0041 TESTOtLOC,3) a IRAD
0042 FILID(LOC) a FILFXCNT,ISFIP)
0043 FILFX(NTISHIP) a LOC
0044 20 CONTINUE
0045 NT a DUMID(NTISHIP)
0046 GO TO 10
0047 999 CONTINUE
0048 RETURN
0049 END
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0001 SUBROUTINE TIMCON(IDETNMMTKSISIR,ISECSDIST)
0002 COMMONMODIJLOJISLOT(20,5,6o),IKEY(3),I80D20,IMODAO
0003 COMMON/DETECT/XYZMS(20,3,3,5),TMS(20,3,5),COVMS (20,3,3,3,5),

ILSTBIN(614100,3.5),XS(20),TMRK(64,3,5),TRATG(20),LNKBIN(20,3,5)
0004 CoMMON/LINK/LNKFSXLNKSTO(20,5),DUMST(5,20,5),TRKST(20,20),PTFST(2

1O,20),LNKID(20),TIMLNK(20,5),ROLLNK(20,5),PITLNK(20,S),SHCLNK(2oS
2),XSMO(20,20,5),COVSMO(10,10,20,5),PPECOV(10,10,20,S),MPFLAG(20,S)

0005 COMMON/LOCLNK/LASLNKFLLLNKLISLNK(20),NEXLNK
0006 COMMON/RANTIM/TRAN(20,3,5)
0007 INTEGER FULLNK
0008 IFtFULLNK.NE.0) GO TO 30

C INITIATE PROCEDURE FOR PURGING FILE

0009 I x I
0010 10 CONTINUE
0011 ID a LNKSTO(I,1)
0012 IS a LNKSTO(I,2)
0013 IR 2 LNKSTOtI,3)
0014 IF(TMS(IDIRIS).LT.(TMRK(ISECIRoIS)-30.)) GO TO 20

0015 CALL LNKDRP(I)
0016 IDRP : 0
0017 CALL LNKLC(TI,IDRP)
0018 20 CONTINUE
0019 1 a I+1
OQ2.Q IF(I.LT.20) GO TO 10
0021 30 CONTINUE
0022 PRINT 301,TMS(IDETNe,IR,IS),SDIST,IS,TRAN(IDETNO,IRIS)
0023 301 FeRMAT(/IOXI'DETECT TIME',FIO.3s5XISTATDIST',FIO.3,5XSPLATFORMI,

II4,5X,'TRANS TIME',F10.3/)
0024 ITIME m TMS(IDETNO,IR,IS)
0025 M.ID6.0 - MODCITIMEIMOD60)
0026 IMOD a MOD6O + 1
0027 IMODMI a IMOD.1
0028 IMODM2 a IMOD.2
QQ22 IMeDM3 * IYOD.3
0030 IMODM4 a IMOD-4

CMF TVIME SLOT IS FULL DETECTION IS NOT TRANSMITTED
0031 IF(ISLOT(MTKSIMMDM4).NE.0) GO TO 40

0032 IF(ISLOT(MT,KS,IMODM3).NE.0) GO TO 40
0033 IF(ISLOT(MTKSIMeDM2).NE.0) GO TO 40

0034 IE(ISLOT(MTsKSfIMODM1).NE.o) GO TO 40
0035 IF(ISLOT(MTKS,IMlD).NE.0) GO TO 40

0036 ISL.OT(MTKS,IMOD) a 1
0037 IDRP a I
0038 CALL LNKLOC(LOCIDRP)
0039 LNKID(LOC) x LNKFSX
0040 LNKFSX a LOC
0041 LNKSTO(LOCl) a IDETNn
o4tyt LNKST0(LOC,2) ; IS
D043 LNKSTO(LOC,3) J IR

0044. LNKSTO.tLOC,4) MT
0045 LNKSTO(LOC,5) * KS
0046 40 CONTINUE
0047 RETURN
0048 ENO
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0001 SUBROUTINE LNKDET(ISMIPISECIRAD)
C SU6ROUTINE LNKDET PLACES DETECTIONS FROM THE LINK IN THE TETO FILE
C FOR EACH TRACK IN ISECTHE DETECTIMNS ARF ORDERED IN TIME AND

C PLACED IN THE IL°C FILE. LNKDET CALLS LPDATE AFTER nRDERING THE

C DETECTIONS
0002 COMMON/RANTIM/TRAN(2o,3,5)
0003 COMMON/DETECT/XYZPMS20,393,5),TMS(20,3,5),COVMS(20,3,3,3,5),

ILSTBIN(64,tOO,3,5),XS(2O),TMRK(64,3,S),TPATG(20),LNKBI t2(,3,5)
00044 COMHON/UPDATE/ILOC(20) TIMLAGTESTO(512,3),TLAST(256,5)
0005 COMMON/LINK/LNKFSX,LNKST(20,5),DU-ST (5,2O,5)oTRKSTC?0,20),PTFST(2

10. 20) oLNK ID(20) , TIMLNK (20,5) ROLL. NK (20,S5) PITLNK (20 5) ,SHCL N K (20,5
2),XSMt(20,20,s),CMVS(1 0,10, 20,5),PECOV(10,(ln,20,5),MPF)LAG(2n,5)

0006 COMMMN/DUMSEC/DUMSX(bJ,5),DUmIDt(12,5)
0007 CMMMeN/SORT/FILFX(256,5),FILID(512)
0008 INTEGER DUMSTTESTOFILIDFILFX,)IJHSXDUNIDwPTFSTTRkST
0009 NT * DUMSK(ISECISHIP)
0010 IF(NT.EQ.0) GO TO 999
0011 LOC a LNKFSX

C LNKFSX IS THE LOCATION OF FIRST ASSOCIATED DETECTION IN LINK FILE
0012 10 CONTINUE

C ALL LINK DETECTIONS CONSIDERED
0013 IF(LOC.EG.0) GO TO 150
0014 KS * LNKSTO(LOC.5)

C DOES THIS DETECTION CORRELATE WITH ISHIP TRACK?
0015 IF(KS.NE.ISHIP) GO TO 101
0016 ID a LNKSTO(LOC,l)
0017 IS a LNKSTO(LOC.2)
0018 IR a LNKSTO(LoC,3)
0019 MT a LNKSTO(LeC,4)

C IS DETECTION ASSMCIATEC WITH PARTICIPATING PLATFORM

0020 IF(MPFLAG(MT,KS).NE.o) GO TO 1o0
0021 NT a DUMST(KSMTISHIP)
0022 IF(TRAN(I0,IRIS).GF.TMRK(ISECIRADISHIP)) GO TO 101

C WAS DETECTTMN MADE BEFORE LAST UPOATE

Q.023 IF(TM$(IDlIRjIS).LE. TLAST(NTISHIP)) GO TO 100
0024 IDRP a I

C GET NEW LOCATION FOR LINK DETECTION IN TESTO FILE

0025 CALL DETLOC(NTLOCCIDRP)
0026 TESTO(LOCC,1) a ID
0027 TESTO(LMCC,2) * IS
0028 TESTO(LOCC.3) , IR
002q FrLID(LeCC) a FILFY(NT,ISHIP)
0030 FILFX(NT,ISHIP) : LOCC
0031 100 CONTINUE
0032 LOCOLD - LOC
0033 LOC * LNKID(LOC)
Q0O4lY CALLVLNKDRP(LOC6LDl.
0035 IDRP a 0
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0036 CALL-LNKLdC(LOCOLC,IDRP)
0037 GO TO In
0038 101 CONTINUE
0039 LoC a LNKID(LOC)
0040 Go TO 10
0041 150 CONTINUE

C GO THRU TRACKS AGAIN
0042 NT a DUMSX(ISEC,ISHIP)
0043 200 CONTINUE
00414 K a 999
00o5 IF(NT.EQ.O) GO TO 999
00146 KSHIP a PTFST(NTISHIP)
0047 IF(KSHIP.NE.ISHIP) GO TO 280
0048 MT * TRKSTtNTISHIP)
00o9 IF(MPFLAG(MTKSHIP).EO.O) GO TO 2(5
0050 GO TO 270
0051 205 CONTINUE
0052 K a 0
0053 LOCC a FILFX(NT,ISHIP)

C ARE THERE NO DETECTIONS ASSOCIATED WITH THIS TRACK
0054 IF(LOCC.EQ.0) GO TO 280
0055 210 CONTINUE
0056 K a K+l
0057 J: K
aoss 220 CONTINUE

C FIRST PASS
0059 IF(J.EQ,I) Ge TO 260

C ORDER CONBINED DETECTIONS IN TIME
0060 ID a TESTO(LOCCI)
0061 15 r TESTO(LOCC,2)
0062 IR g TESTO(LOCC,3)
0063 ItD : TESTO(ILMC(J-1),1)
0064 ISS a TESTI(ILOC(J41),2)
0065 IRR * TESTO(ILOC(.J1),3)
0066 IF(TMS(IOIR,IS).GT.TMS(IDD,IRR,ISS)) GO TO 260
0067 ILOCtJ) - ILMC(J.t)
006e8 j a J-1
0069 GO TO 220
0070 260 CONTINUE
0071 ILMC(J) a LOCC
0072 LOCC * FILID(LQCC)

C HAVE ALL DETECTI'NS BEEN ORDERED
0073 IF(LOCC.NE.0) GO TO 210
0074 270 CONTINUE
0075 CALL UPDATE(NTISFCIRADISHIPK)
0076 280 CONTINUE
0077 NT a DUMIDtNT,ISF.IP)
0078 GO TO 200
0079 999 CONTINUE
0080 RETURN
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0001 SUBROUTINE UPDATE(NT,ISECIRADISHIRK)
C stJ8ROIJTINE UPDATE GOES THRU THE LIST OF ORDERF DETECTIONS WHICH
C ARE ASSOCIATED WITH TRACK NT AND UPDATES POSITION ANI, VFLOCITY OF
C NT BASED ON THESE OFTECTIONS. UPDATFS ARE MADE TO'TIMUP'WHICH IS
C CURRENT TIME LESS SOME SPECIFIED TIME LAG

0002 COMMeN/PLMT/IPLT10OOO),KX1(1000),YYY(tOOO),NPpYYNlO(no),IYIS(1l000)
0003 COMMON/KAL2/ PS(20,20),PP(20,20),C0VS520,20) COVH(20,20),XP(20)
0004 COMMON/KAL4/IFIRST(20,5),DIMlDIM?,tIM3
0005 COYMON/UPDATE/ILOC(20),TIMLAGTESTO(512,3),TLAST(256,5)
0006 COMMeN/LINK/LNKFSX,LNKSTO(20,5),DLJMST(5,20,5),TRKST(20,20),PTFST(2

10,20),LNKID(20),TIMLNK(20,5),ReLLNK(20,5),PITLNK(20,5),SHDLNK(20,5
2),XSMI(20,20,5),CMVSMO(l0,10,20,5),PRECOV(lO,10,20,5),MPFLAG(20,5)

0007 COMMON/DETECT/XYZmS(20,3,3,5) ,TMS(20,3,5),COVMS(20,3,3,3,5),
ILSTBIN(64,100,3,5),XS(20),TMPK(64,3,5),TPATG(20),L NK IN1(20,3,S5)

0008 COMMON/NEW/AZ(20202),RG(20,20),EL(20,2n)
0009 COMMON/DATEUP/NUMTRG,NLMSHP
0010 COMMON/TRUE/XYZTRU(20,3,3,5)
0011 COMMON/DETFIL/IDET (3,5), IDTA (256, 3,5)
0012 INTEGER TESTITRKSTPTFSTIMItDIM2,DIM3,DUmSTTRATGMPFLAG
0013 No DIM2
0014 MT a TPKST(NT,ISHIP)

C K:999 INDICATES UPDATE OF PARTICIPATING PLATFORM
0015 IF(K.E9. 999) GO TO 80
0016 TIMUP a TMRK(ISECIRADISHIP) - TIMLAG
0017 DO 55 Isl.N
0018 XS(I) * XSMO(I,MT,lSHIP)
0019 DO 55 Lsl,N
0020 PS(IL) a COVSmO(I,L,mT,ISHIP)
.0021 55 CONTINUE
0022 Jul
0023 10 CONTINUE
0024 ID s TESTO(ILOC(J),1)
0025 IS a TESTO(ILOC(J),2)
0026 IR a TESTO(ILeC(tJ),3)
0027 IT * IDTA(IDIRIS)

C IS DETECTION TIME GREATER THAN TIMUP.
0028 IF(TMS(IDIR*IS).GT.TIMUP) GO TO 20
0029 X a xYZMS(ID,1,IR,IS)
0030 Y v XYZMS(ID,2,IR,IS)
0031 Z a XYZMS(ID,3,IRIS)
0032 TDEL o. TMS(IDsIR.IS) - TLASTtNT.ISHIP)
0033 IF(ISHIP.EQ.IS) GO To 40
0034 CALL COVLNK(ISItIRISHIP)
0035 XT a X
3036 YT v Y
0037 ZT a Z
0.03P XIT XYZTRUCID,1,IR,IS)
0039 YT1 * XYZTRU(ID,2,IR.IS)
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0040 ZTT a XYZTPU(ID.3.IRIS)
C NMISY STAPILIZED COORDINATES WITH RESPFCT TO ISHIP

0041 CALL TRANSF(XTYTZTXYZISHIPIS)
C TRUE COORDINATES WITH RESPECT ISHIP

0042 CALL TRANSF(XTT,YTT,ZTT,XTRU,YTRU,ZTRU,ISHIP,IS)
0043 GO TO 50
0044 40 CONTINUE
oo0s XTRU : XYZTRU(IOI,IR,IS)
0046 YTRU a XYZTRU(It,2,IR,IS)
0047 ZTRU x XYZTRU(ID,3,IRIS)
0048 De 45 I1,3
0049 DO 45 LtI,3
0050 COVMCI#L) = CMVMSfIDILIRIS)
0051 45 CONTINUE
0052 50 CONTINUE
0053 IF(IFIRST(MT,ISHIP).NE.0) GO TO 60
00544 XP(I) ; X
0055 XP(2) a XSMO(2,MTISHIP)
0056 XPP(3) Y
0057 XP(4) * XSM(14,MTISHIP)
0058 XP(5) w Z
0059 XP(6) a XSMO(6,MTISHIP)
0060 60 CONTINUE
0061 KFLAG a 1
0Q62 CALL.KALMAN(TDELMT,XY.ZISHIPKFLAG,SD)
0063 IFIRST(MT#ISHIP) * IFIRST(MT,ISHIP) + I
0064 IF(MPFLAG(MT,ISHIP).NE.0) GO TO 90
0065 TLAST(NTISHIP) a TmS(IDIR,TS)
0066 TIMLNK(MTISHIP) a TMS(ID,IR,IS)
0067 IDRP a 0
0068 CALL 0ETL6C(NTILlC(J),IDRP)
0069 CALL DETDRP(NT,ILOC(J),ISHIP)
0070 PRINT 300,TIMLNK(MT,ISFIP),ITXTPU,YTPLZTRUIS
0071 300 FORMAT(/KOX,FIO.3,5X,'TARGET',14,3X,'TRUE',2X,3F13.3,43X,I5)
0072 PRINT 302oTMRK(ISECIPAD0,ISHIP),X.Y,Z
0073 302 FORMAT(IOX,Flo.3,17X, 'eISYI,2X,3F13.3)
0074 PRINT 3Q4,XS(l),.xS(3),XSS5)XS(2)XS(14),XS(6)
0075 304 FORMAT(36X,ISMOOTHI,2X,6F13.3//)
0076 IF(IT.NE.1) GO TO 70
0077 YYN(NP) a Y
0078 YYY(NP) a XS(3)
0079 XXI(NP) : TIMLNK(MTISPIP)
0Q09 LYIS(NP) a IS
0081 NP a NP+1
0082 o CONTINUE

C ARE THERE MORE DETECTIONS TO BE CONSIOERED.
0083 IF(J.EQ.K) GM TO 30
0084 J.a4+
QQ05. GO TO 10
0086 80 CONTINUE
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C IF IT.HAS BEEN MORE THAN 2 SECONDS SINCE THF LAST UPDATE OF A SHIP

C IT WILL BE UPDATED TO WITHIN ONE SECOND OF THE SECTOR CROSSING TIME.

0087 IF((TMRK(ISECIRADISHIP)TLAST(NTISHIP)).LT.2) GO TO 9q9
0088 TIMI a TMRK(ISEC,IRAD,ISHIP)-1.
008q TOEL a TIMI.TLAST(NTISHIP)
0090 IF(TOEL.LT. 1.) GM TO 999
009.1 J u.ISHIP
0092 K a MPFLAG(MT,ISHIP)
0093 CALL SHPGEN(TIMI,NUMSHP)
0094 CALL SCOnRD(NUMTRGINUMSHPJ)
0095 X a RG(KJ)*SIN(AZ(KJ))*COS(EL(KJ))
0096 y a RG(KJ)*COS(AZ(K,J)*COStEL(KJ))
00.97 Z a RG(K,.J*SIN(EL(KJ))
0098 DO 85 Ia1,3
0099 DO 85 L:1,3
010O COVM(IL) a 0.1
0101 85 CONTINUE
0102 COVM(,l) : loo.
010.3 COVM(2,.2).s a 00.
0104 COVM(3,3) z 100.
0105 GO TO 50
0106 90 CONTINUE
0107 TLAST(NTISHIP) : TIMI
0108 TImLNK(MT,ISHIP) a TIMI
.0109 GO TO 30
0110 20 CONTINUE
0111 IF(J.EQ.I) GO TO 999
0112 30 CONTINUE
0113 DO 35 IvlN
0114 XSMO(IMT,ISHIP) D XS(I)
0115 DO 35 Jm1,N
0116 CMVSMO(I,J,MT,ISHIP) S FS(I,J)
0117 PRECOVTIJ,MT,ISHIP) = PP(IJ)
0118 35 CONTINUE
0119 IF(MPFLAG(MTISHIP).NE.0) GO TO 180
0120 GO TO 185
0121 180 CONTINUE
0122 NSHIP * K.NUMTRG
0123 PRINT 301oTIMLNK(MTISI TP),NSHIPXYZISHIP
0124 301 FORMAT(IOXFIO.3,7X, SHIP',IJ,3X,'TRUE',2X,3F13.3,£3XY,5)
0125 185 CONTINUE
0126 999 CONTINUE
0127 RETURN
0128 END
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